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©  Cylindrical  magnetron  sputtering  cathode,  as  well  as  sputtering  apparatus  provided  with  such  cathode. 
The  cylindrical  magnetron  sputtering  cathode  (10)  of the 

present  invention  essentially  comprises  a  tubular  target  (20) 
having  a  face  (20a)  of  material to  be  sputtered,  and  a  magnet 
assembly  (45)  disposed  behind  the  back  face  of  said  tubular 
target  for  generating  magnetic  fields  having  flux  lines  which 
form  arch  portions  (50,51)  over  the  sputtering  face.  This 
magnet  assembly  (45)  more  specifically  consists  of  a  plural- 
ity  of equiangularly  spaced  axially  extending  radially  magne- 
tized  magnets  arranged  in  such  a  manner  as  to  form  over the 
sputtering  face  (20a)  a  plurality  of  equiangularly  spaced 
axially  extending  straight  arch  portions  (50)  connected  to 
each  other  by  arcuate  arch  end-portions  (51),  whereby 
defining  at  least  one  closed-loop  arch  (52)  over  said  sputter- 
ing  face.  This  magnetron  sputtering  cathode  further  compris- 
es  closure  means  for  delimitating  in  combination  with  the 
back  face  of  said  tubular  target  a  cylindrical  tight  chamber 
enclosing  the  magnet  assembly,  as  well  as  means  for  axially 
circulating  a  liquid  coolant  within  said  tight  chamber, 
whereby  ensuring  a  proper  cooling  of  said  cathode  by 
enabling  said  liquid  coolant  to  freely  flow  along  the  longitu- 
dinal  spaces  (49)  delimitated  between  adjacent  magnets  of 
said  assembly. 



F i e l d   of  the  i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  c y l i n d r i c a l   magnetron  s p u t t e r -  

ing  ca thode ,   as  wel l   as  to  a  s p u t t e r i n g   a p p a r a t u s   for  coa t i ng   s u b s -  

t r a t e s   which  is  p rovided   with  such  c a t h o d e .  

Background  of  the  i n v e n t i o n  

The  r ecen t   development  of  m a g n e t i c a l l y - e n h a n c e d   ca thodic   s p u t -  

t e r i n g   is  p r e s e n t l y   p rov id ing   a  major  c o n t r i b u t i o n   to  the  c o a t i n g  

f i e l d ,   tak ing   into  account  the  much  higher   d e p o s i t i o n   r a tes   thus  o b -  

t a i n a b l e   with  r e s p e c t   to  those   ob ta ined   with  c o n v e n t i o n a l   s p u t t e r -  

ing,   which  render  t h e r e f o r e   p o s s i b l e   the  p r o d u c t i o n   of  coa t ings   on  

an  i n d u s t r i a l   s c a l e   for  many  a p p l i c a t i o n s .  

The  p roduc t i on   of  c o a t i n g s   by  m a g n e t i c a l l y - e n h a n c e d   c a t h o d i c  

s p u t t e r i n g   is  g e n e r a l l y   c a r r i e d   out ,   in  f u n c t i o n   of  the   d i f f e r e n t  

envisaged   coa t ing   a p p l i c a t i o n s ,   with  s p u t t e r i n g   systems  assuming  one 

of  the  two  f o l l o w i n g   main  types  of  g e o m e t r i c a l   c o n f i g u r a t i o n s ,   i . e .  

s p u t t e r i n g   systems  with  p lanar   c o n f i g u r a t i o n s   or  s p u t t e r i n g   s y s t e m s  

with  c y l i n d r i c a l   c o n f i g u r a t i o n s .   From  these   two  types  of  s y s t e m s ,  

only  the  second  type  with  c y l i n d r i c a l   c o n f i g u r a t i o n s   wil l   be  f u r t h e r  

c o n s i d e r e d   in  the  p r e s e n t   s p e c i f i c a t i o n .  

The  f i r s t   m a g n e t i c a l l y - e n h a n c e d   s p u t t e r i n g   systems  to  have  been  

proposed  with  c y l i n d r i c a l   c o n f i g u r a t i o n s   were  systems  of  the  P e n n i n g -  

type,   designed  for  ensur ing   the  a p p l i c a t i o n ,   i n s i d e   the  annular   i n -  

t e r s p a c e   ex tend ing   between  a  c e n t r a l   c y l i n d r i c a l   s p u t t e r i n g   t a r g e t  

and  the  s u b s t r a t e s   to  be  coated  d isposed  c o n c e n t r i c a l l y   around  s a i d  

c e n t r a l   t a r g e t ,   of  an  ax i a l   uniform  magnet ic   f i e l d   genera ted   f r o m  

the  o u t s i d e   (thanks  to  the  p rov id ing   of  a  H e l m h o l t z - t y p e   coi l   d i s -  

posed  c o n c e n t r i c a l l y   ou t s ide   the  vacuum  b e l l   j a r ) .   The  s p u t t e r i n g  

r a t e s   o b t a i n a b l e   with  these  systems  of  P e n n i n g - t y p e   are  indeed  i n -  

c reased   with  r e s p e c t   to  those  ob t a ined   with  c o n v e n t i o n a l   s p u t t e r i n g  

sys tems ,   but  not  in  a  d e c i s i v e   manner,  t ak ing   into  account  the  u n i -  

fo rmi ty   of  the  thus  appl ied   a x i a l   magnet ic   f i e l d   which  causes  a  s i m -  

ple  i n t e n s i f i c a t i o n ,   but  wi thout   conf inement ,   of  the  d i scharge   p l a s -  

ma.  Such  systems  of  the  Penn ing - type   are  f u r t h e r m o r e   l im i t ed   to  t h e  



c o a t i n g   of  s u b s t r a t e s   made  of  non-magne t ic   m a t e r i a l s   (so  as  not  t o  

s h i e l d   the  magne t ic   f i e l d   gene ra t ed   from  the  o u t s i d e ) .  

The  m a g n e t i c a l l y - e n h a n c e d   s p u t t e r i n g   sys tems  to  be  now  g e n e r a l -  

ly  proposed  with  c y l i n d r i c a l   c o n f i g u r a t i o n s   are  the  s o - c a l l e d   " c y -  

l i n d r i c a l   magnetron  s p u t t e r i n g "   systems  such  as  p roposed   by  U.  H e i s i g  

et  a l .   (cf.   Paper  "High  Rate  S p u t t e r i n g   with  a  Torus  Plasmaton"  f rom 

U.  H e i s i g ,   K.  Goedicke  and  .S.  S c h i l l e r  -   p r e s e n t e d   on  7th  In t .   C o n f .  

on  E l e c t r o n   and  Ion  Beam  Science  and  Technology ,   Wasghington ,   D . C . ,  

USA,  May  1976)  or  by  N.  Kuriyama  ( c f .   German  p a t e n t   a p p l i c a t i o n  

No.  2 . 6 5 5 . 9 4 2   in  the  name  of  K.  K.  Tokuda  S e i s a k u s h o ) .   These  " c y l i n -  

d r i c a l   magnet ron  s p u t t e r i n g "   systems  are  de s igned   for  ensur ing   t h e  

a p p l i c a t i o n ,   over  the  s p u t t e r i n g   face  o f  a   t u b u l a r   t a r g e t ,   of  magne- 
t i c   f i e l d s   shaped  in  such  a  manner  so  to  have  t h e i r   f lux   l i n e s   f o r m -  

ing  a  p l u r a l i t y   of  e q u i a x i a l l y   spaced   c l o s e d - l o o p   t o r o i d a l   a r c h e s  

c i r c u m f e r e n t i a l l y   e x t e n d i n g   over  sa id   s p u t t e r i n g   f ace ,   thanks  to  t h e  

p r o v i d i n g   of  a  s p e c i f i c   magnetron  c o n s t i t u t e d   by  a  p l u r a l i t y   of  a x i a l -  

ly  spaced  r ing   magnets  c i r c u m f e r e n t i a l l y   e x t e n d i n g   a g a i n s t   the  b a c k  

face  of  s a id   t a r g e t .   The  p rov id ing   of  such  a  magnetron  for  g e n e r a -  

t i n g   a x i a l l y   spaced  magne t ic   t o r o i d a l   arches  over  the  s p u t t e r i n g   f a -  

c e  o f   the  t u b u l a r   t a r g e t   o f f e r s   the  major  advan t age ,   by  causing  t h e  

fo rma t ion   of  a  p l u r a l i t y   of  i n t e n s e   r ing  plasmas  con f ined   wi th in   t h e s e  

t o r o i d a l   a r c h e s ,   of  g iv ing   r i s e   to  very  high  s p u t t e r i n g   r a t e s   of  t h e  

t u b u l a r   t a r g e t .   The  p a r t i c u l a r   des ign   of  such  a  magnet ron   is  howeve r  

not  w i thou t   r a i s i n g   some  p r o b l e m s  a s   regards   t h e   proper   t a r g e t   o o o l -  

ing,   as  we l l   as  the  u n i f o r m i t y   of  the  t a r g e t   s p u t t e r i n g   and/or  t h e  

s u b s t r a t e   c o a t i n g ,   e s p e c i a l l y   when  i t   becomes  n e c e s s a r y   of  using  t a r -  

gets   of  r e l a t i v e l y   g r e a t   l eng th   (in  view  for  i n s t a n c e   of  e n a b l i n g  

the  c o a t i n g   of  long  s u b s t r a t e s ) .   The  proper  c o o l i n g   of  the  t u b u l a r  

t a r g e t ,   which  is  r endered   a b s o l u t e l y   n e c e s s a r y   because   of  i t s   e x c e s -  
s ive   h e a t i n g   due  to  i n t e n s e   s p u t t e r i n g ,   as  a  m a t t e r   of  f a c t   c a n n o t  

be  ensured  with  t o t a l   s e c u r i t y   in  such  a  magne t ron ,   t a k i n g   into  a c -  

count  the  p a r t i c u l a r   a r rangement   of  the  a x i a l l y   spaced  r ing  magnets  

with  r e s p e c t   to  the  t u b u l a r   t a r g e t ,   which  put  a  severe   r e s t r a i n t   on  
the  a x i a l   c i r c u l a t i o n   of  the  l i q u i d   coo lan t   along  the  back  face  o f  

the  t u b u l a r   t a r g e t   ( n o t w i t h s t a n d i n g   the  f a c t   t h a t   with  such  magne-  
t ron   the  l i q u i d   c o o l a n t   g e n e r a l l y   cannot  c o n t a c t   the  annu l a r   r e g i o n s  

of  the  back  face  of  the  t a r g e t   at   the  l e v e l   of  which  the  r ing  p l a s -  



mas  are  c o n f i n e d ,   i . e .   the  annular   r eg ions   at  the  l eve l   of  which  t h e  

s p u t t e r i n g ,   and  thus ,   the  hea t ing   up  is  the  more  i n t e n s e ) .   The  ob -  

t e n t i o n ,   with  such  a  magnetron,   o f   a  p e r f e c t l y   uniform  t a r g e t   s p u t -  

t e r i n g   and/or   s u b s t r a t e   coa t ing   appears   bes ides   very  u n r e l i a b l e   ( i n  

s p i t e   of   the  t o - a n d - f r o   a x i a l   moving  of  the  magnetron  with  r e s p e c t  
to  the  t u b u l a r   t a r g e t   recommended  in  such  a  case  for  improving  t h e  

u n i f o r m i t y ) ,   t ak ing   in to   account  the  very  u n s t a b l e   na ture   of  the  s e -  

p a r a t e   r ing  plasmas  l i k e l y   to  be  s u s t a i n e d   by  such  a  magnetron.   I t  

is  as  a  ma t t e r   of  f a c t   known  tha t   the  c u r r e n t - v o l t a g e   c h a r a c t e r i s -  

t i c   of  magnetrons  f l a t t e n s   for  high  c u r r e n t s ,   which  in  other   t e rms  

means  t h a t   the  plasma  impedance  dec r ea se s   with  i n c r e a s i n g   c u r r e n t .  

The  des ign  of  a  magnetron  in tended  to  s u s t a i n   a  p l u r a l i t y   of  s e p a -  
r a t e   conf ined   plasmas  t h e r e f o r e   c o n s t i t u t e s   a  design  very  s e n s i t i -  

ve  to  the  occurence   of  any  d i s syme t ry   (whether  concerning  the  g e o -  
m e t r i c a l   pa rame te r s   of  the  d i f f e r e n t   magnets  c o n s t i t u t i v e   of  the  ma-  

g n e t r o n ,   or  the  s t r e n g t h   of  the  magnet ic   f i e l d   genera ted   by  t h e s e  

d i f f e r e n t   magnets ,   or  any  other  type  of  d i s s y m e t r y ,   such  as  for  i n s -  

t ance   tha t   ab le   to  occur  during  the  t o - a n d - f r o   ax ia l   moving  of  t h e  

magnetron  with  r e s p e c t   to  the  t u b u l a r   t a r g e t ) ,   t ak ing   in to   a c c o u n t  

t h a t   such  s e p a r a t e   plasmas  behave  as  e l e c t r i c a l   c i r c u i t   elements  p u t  

in  p a r a l l e l .   The  occurence   of  any  d i s s y τ e t r y   would  as  a  mat te r   o f  

f a c t   r e s u l t   in  a  c u r r e n t   d e s e q u i l i b r i u m   between  the  s e p a r a t e   p l a s -  

mas  behaving  as  e l e c t r i c a l   elements  put  in  p a r a l l e l ,   which  d e s e q u i -  

l i b r i u m   could  only  worsen  with  time  because  of  the  plasma  impedan-  

ce  dec rease   with  i n c r e a s i n g   c u r r e n t ,   whereby  l i k e l y   to  d e f i n i t i v e -  

ly  endanger  the  u n i f o r m i t y   of  t a r g e t   s p u t t e r i n g   and/or   s u b s t r a t e   c o a t -  

ing  (the  t o - a n d - f r o   a x i a l   moving  of  the  magnetron  with  r e s p e c t   t o  

the  t u b u l a r   t a r g e t   being  t o t a l l y   unable  to  r e s t o r e   such  u n i f o r m i t y  

along  the  whole  l eng th   of  t h i s   t a r g e t ) .  

.  In  the  German  Pa t en t   a p p l i c a t i o n   N o .  2 . 7 0 7 . 1 4 4   ( in   the  name  o f  

Sloan  Technology  Corp.)  is  f u r the rmore   d e s c r i b e d   (cf.  F igs .   18  and  

19  of  t ha t   a p p l i c a t i o n )   a  c y l i n d r i c a l   magnetron  s p u t t e r i n g   s y s t e m  

which  is  des igned  for  g e n e r a t i n g   over  the  s p u t t e r i n g   face  of  a  t u -  

bu la r   t a r g e t   a  simple  c l o s e d - p a t h   magnet ic   t u n n e l ,   which  a x i a l l y   e x -  

tends  along  the  f u l l   l eng th   of  the  t u b u l a r   t a r g e t   while  c i r c u m f e r e n -  

t i a l l y   ex tend ing   only  along  a  small   region  of  t h i s   t ubu la r   t a r g e t  

(such  s i n g l e   c l o s e d - p a t h   magnet ic   t unne l   being  genera ted   thanks  t o  



the  p r o v i d i n g ,   b e h i n d   the  back  face  of  the  t u b u l a r   t a r g e t ,   of  a  ma-  

gnet  ar rangement   having  an  ex t ens ion   s i m i l a r   to  tha t   of  the  magne-  
t i c   tunnel   to  be  g e n e r a t e d ) .   Such  a  magnetron  s p u t t e r i n g   system  how- 

ever  r equ i r e s   the  complete   r o t a t i o n   of  the  magnet  a r r a n g e m e n t   by  a t  

l e a s t   one  t u rn ,   so  as  to  ensure  the  uniform  s p u t t e r i n g   of  the  who-  

le  t a r g e t   (not  t ak ing   into  account  the  lower  s p u t t e r i n g   r a t e s   l i k e -  

ly  to  be  o b t a i n e d   b e c a u s e  o f   t h i s   r e q u i r e d   complete   r o t a t i o n ) .   No 

p r e c i s i o n   is  b e s i d e s   given  concern ing   the  t a r g e t   c o o l i n g .  

Out l ine   of  the  i n v e n t i o n .  

The  p re sen t   i n v e n t i o n   has  p r e c i s e l y   the  o b j e c t   of  remedying'  t h e  

a fo rement ioned   drawbacks ,   in  p ropos ing   a  c y l i n d r i c a l   magnetron  s p u t -  

t e r i n g   system  c a p a b l e   of  ensur ing   a  h i g h - r a t e   s p u t t e r i n g   of  t u b u l a r  

t a r g e t s   of  r e l a t i v e l y   g r e a t   l ength   t o g e t h e r   with  a  proper   c o o l i n g  
of  sa id   t a r g e t s ,   whi le   a lso  p o s s i b l y   enab l ing   a  good  u n i f o r m i t y   o f  

t a r g e t   s p u t t e r i n g   and/or   s u b s t r a t e   c o a t i n g .  

For  th i s   pu rpose ,   the  p r e sen t   i n v e n t i o n   r e l a t e s   to  a  c y l i n d r i -  

cal   magnetron  s p u t t e r i n g   ca thode  c o m p r i s i n g :  

-  a  t u b u l a r   t a r g e t   having  a  face  of  m a t e r i a l   to  be  s p u t t e r e d ,  
-  a  magnet  assembly  d i sposed   behind  the  back  face   of  sa id   t u b u l a r  

t a r g e t   opposed  to  sa id   s p u t t e r i n g   face  for  g e n e r a t i n g   magnet ic   f i e l d s  

having  f lux  l i n e s   which  p r o j e c t   in  a  curve  from  s a id   s p u t t e r i n g   f a -  

ce  and  r e tu rn   t h e r e t o   to  form  arch  p o r t i o n s   t h e r e o v e r ,   .said  m a g n e t  

assembly  c o n s i s t i n g   of  a  p l u r a l i t y   of  e q u i a n g u l a r l y   spaced  a x i a l l y  

ex tend ing   r a d i a l l y   magne t ized   magnets  a r ranged   in  such  a  manner  t h a t  

t h e i r   f lux  l i n e s   form  over  s a id   s p u t t e r i n g   face  a  p l u r a l i t y   of  e q u i -  

a n g u l a r l y   spaced  a x i a l l y   ex tend ing   s t r a i g h t   arch  p o r t i o n s   c o n n e c t -  

ed  to  each  o t h e r   by  a r c u a t e   arch  e n d - p o r t i o n s ,   whereby  d e f i n i n g   a t  

l e a s t   one  c l o s e d - l o o p   arch  over  said  s p u t t e r i n g   f a c e ,  

-  c l o su re   means  for   d e l i m i t a t i n g   in  combina t ion   with  the  back  f a c e  

of  sa id   t ubu la r   t a r g e t   a  c y l i n d r i c a l   t i g h t   chamber  e n c l o s i n g   at  l e a s t  

p a r t i a l l y   said  magnet  assembly,   a n d ,  

-  means  for  a x i a l l y   c i r c u l a t i n g   a  l i q u i d   coo l an t   w i th in   said  t i g h t  
chamber,  whereby  s a id   l i q u i d   coo lan t   can  f r e e l y   flow  from  one  to  t h e  

other   end  of  s a id   chamber,  along  the  l o n g i t u d i n a l   spaces  d e l i m i t a -  

ted  between  a d j a c e n t   magnets  of  said  p l u r a l i t y   of  e q u i a n g u l a r l y   s p a -  
ced  a x i a l l y   ex t end ing   m a g n e t s .  



The  p r e s e n t   i n v e n t i o n   also  r e l a t e s   to  a  s p u t t e r i n g   a p p a r a t u s  

p rov ided   with  such  c a t h o d e .  

I t   may  thus  be  seen  that   o n e  o f   the  e s s e n t i a l   f e a t u r e s   of  t h e  

p r e s e n t   i n v e n t i o n   l i e s  i n   the  p r o v i d i n g ,   a g a i n s t   the  back  of  a  t u -  

bu l a r   t a r g e t ,   of  a  s p e c i f i c   magnetron  c o n s i s t i n g   of  a  p l u r a l i t y   o f  

e q u i a n g u l a r l y   spaced  a x i a l l y   ex tending   r a d i a l l y   magnet ized   m a g n e t s ,  

which  is  designed  for  g e n e r a t i n g ,   over  the  s p u t t e r i n g   face  of  s a i d  

t a r g e t ,   magnet ic   f i e l d s   shaped  in  such  a  manner  as  to  form  a  p l u r a -  

l i t y   of  e q u i a n g u l a r l y   spaced  a x i a l l y   ex tend ing   s t r a i g h t   arch  p o r t i o n s  

connec ted   to  each  o the r   by  a r cua te   arch  e n d - p o r t i o n s ,   so  as  to  d e -  

f i ne   at  l e a s t   one  c l o s e d - l o o p   arch  over  s a id   s p u t t e r i n g   face.   Such 

a  des ign   o f f e r s   the  major  advantage  of  e n s u r i n g   an  e x c e l l e n t   t a r g e t  

coo l i ng   whatever  the  t a r g e t   l eng th ,   s ince   the  l i q u i d   coo lan t   can  i n  

such  a  case  be  f r e e l y   c i r c u l a t e d   along  the  l o n g i t u d i n a l   spaces  d e -  

l i m i t a t e d   between  a d j a c e n t   magnets  of  said  p l u r a l i t y ,   i . e .   a g a i n s t  

the  l o n g i t u d i n a l   r eg ions   of  the  t ubu l a r   t a r g e t   where  the  s p u t t e r i n g ,  

and  thus  the  hea t ing   up,  is  the  more  i n t e n s e .  

In  order  to  enable   the  o b t e n t i o n   of  a  good  u n i f o r m i t y   as  r e g a r d s  

t a r g e t   s p u t t e r i n g   as  well  as  s u b s t r a t e   c o a t i n g ,   the  c y l i n d r i c a l   magne-  
t ron   s p u t t e r i n g   system  of  the  p r e s e n t   i n v e n t i o n   may  f u r t h e r n o r e   b e  

a d v a n t a g e o u s l y   p rovided   with  means  for  a x i a l l y   r o t a t i n g   the  magne- 

t ron  and  the  t ubu l a r   t a r g e t   r e l a t i v e l y   to  each  o the r   (so  as  to  c a u s e  

a  s u b s t a n t i a l l y   uniform  s p u t t e r i n g   of  said  t a r g e t ,   in  view  of  impro-  

ving  t a r g e t   l i f e )   as  well   as  for  a x i a l l y   r o t a t i n g   the  magnetron  a n d  

the  s u b s t r a t e   r e l a t i v e l y   to  each  other   (so  as  to  cause  a  s u b s t a n t i a l -  

ly  uniform  coa t ing   of  sa id   s u b s t r a t e ) .   Such  a  r e l a t i v e   motion  of  t h e  

magnetron  with  r e s p e c t   to  the  t ubu la r   t a r g e t   and  to  the  s u b s t r a t e  

may  be  c a r r i e d   out ,   as  regards   the  r o t a t i o n   p r o p e r ,   e i t h e r   a c c o r d -  

ing  to  a  t o - a n d - f r o   r o t a t o r y   movement  of  an  ampl i tude   s u f f i c i e n t   f o r  

caus ing   said  at  l e a s t   one  c l o s e d - l o o p   magnet ic   arch  g e n e r a t e d   by  s a i d  

magnetron  to  be  scanned  over  the  e n t i r e   s u r f a c e   of  the  s p u t t e r i n g  

face  of  sa id   t ubu la r   t a r g e t   as  well   as  in  f r o n t   of  the  e n t i r e   s u r -  

face  of  the  s u b s t r a t e   to  be  coated ,   or  in  an  a l t e r n a t i v e   manner  a c -  

cord ing   to  an  u n i d i r e c t i o n a l   r o t a t o r y   movement  l i k e l y   to  cause  f u l l  

r e v o l u t i o n s   of  the  magnetron  r e l a t i v e l y   to  the  t ubu l a r   t a r g e t   and 

the  s u b s t r a t e .   Such  an  o s c i l l a t o r y   or  u n i d i r e c t i o n a l   r o t a t i o n   of  t h e  

magnetron  r e l a t i v e l y   to  the  t ubu la r   t a r g e t   and  to  the  s u b s t r a t e   may 



f u r t h e r m o r e   be  c a r r i e d   out ,   as  r ega rds   the  r e l a t i v e   motion,  in  v a -  

r ious   ways:  r o t a t i o n a l   motion  of  the  magnetron  a lone   while   the  t u -  

bu la r   t a r g e t   and  the  s u b s t r a t e   are  kept  m o t i o n l e s s ,   or  r o t a t i o n a l  

motion  of  both  the  t a r g e t   and  the  s u b s t r a t e   (at  i d e n t i c a l   or  d i f f e r -  

ent  speeds ,   and/or   in  the  same  or  r eve r se   d i r e c t i o n )   while  the  ma- 

gne t ron   alone  is  kept  m o t i o n l e s s ,   or  s t i l l   r o t a t i o n a l   motion  of  a l l  

the  th ree   e lements ,   e t c .  

The  magnets  c o n s t i t u t i v e   of  the  magnetron  of  the  p r e s e n t   i n v e n -  

t i on   may,  at  both  ends  of  sa id   magnetron,   be  de s igned   for  g e n e r a t i n g  

a r c u a t e   magnet ic   arch  e n d - p o r t i o n s   which   are  connec t ed   in  an  a l t e r -  

nate  manner  to  the  s t r a i g h t   a r c h - p o r t i o n s ,   so  as  to  de f ine   a  s i n g l e  

c l o s e d - l o o p   arch  ex tending   in  a  meandering  manner  over  the  e n t i r e  

c i r c u m f e r e n c e   of  the  s p u t t e r i n g   face  of  the  t u b u l a r   t a r g e t   (said  s i n -  

gle   c l o s e d - l o o p   meandering  arch  being  in tended  to  cause  the  f o r m a t i o n  

of  a  s i n g l e   i n t e n s e   plasma  conf ined   t h e r e w i t h i n ) .   Such  magnets  may,  

a l t e r n a t i v e l y ,   be  des igned  for  g e n e r a t i n g   a r c u a t e   arch  e n d - p o r t i o n s  

which  are  connected  by  p a i r s   to  the  c o r r e s p o n d i n g   s t r a i g h t   arch  p o r -  
t i o n s ,   so  as  to  def ine   a  p l u r a l i t y   of  c l o s e d - l o o p   arches  e q u i a n g u -  

l a r l y   spaced  over  the  e n t i r e   c i r c u m f e r e n c e   of  the  s p u t t e r i n g   f a c e  

of  s a id   t u b u l a r   t a r g e t   ( sa id   p l u r a l i t y   of  c l o s e d - l o o p   arches  b e i n g  

i n t e n d e d   to  c ause   the  fo rma t ion   of  a  p l u r a l i t y   of  c o r r e s p o n d i n g   p l a s -  

mas  conf ined   t h e r e w i t h i n ) .  

From  the  two  above  p o s s i b l e   magnetron  d e s i g n s ,   the  f i r s t   magne-  

t ron   des ign  r e l a t e d   to  the  fo rmat ion   of  a  s i n g l e   plasma  ( e x t e n d i n g  

in  a  meandering  manner  over  the  e n t i r e   c i r c u m f e r e n c e   of  the  s p u t t e r -  

ing  t a r g e t )   n e v e r t h e l e s s   appears   to  o f f e r   the  major  advan tage ,   w i t h  

r e s p e c t   to  the  second  des ign   (as  well  as  the  de s igns   of  the  p r i o r  

ar t )   r e l a t e d   to  the  f o rma t ion   of  a  p l u r a l i t y   of  s e p a r a t e   p l a s m a s ,  

of  ensu r ing   a  much  b e t t e r   u n i f o r m i t y   of  t a r g e t   s p u t t e r i n g   a n d / o r  . s u b s -  

t r a t e   c o a t i n g .   This  is  due  to  the  f ac t   t ha t   the  f o rma t ion   of  a  s i n -  

gle  meandering  plasma  r e s u l t s   in  a  plasma  c u r r e n t   which  is  p roved  

to  be  r e l a t i v e l y   uniform  along  i t s   whole  path  (because   of  t h e  t r a p -  

ped  e l e c t r o n s   c i r c u l a t i n g   along  a  s i n g l e   and  same  p lasma) ,   so  t h a t  

no  c u r r e n t   d e s e q u i l i b r i u m   l i k e l y   to  endanger  the  u n i f o r m i t y   of  t a r -  

get   s p u t t e r i n g   (and  t h e r e f o r e   tha t   of  s u b s t r a t e   coa t ing)   can  a r i s e  

th rough   the  occur rence   of  a  p o s s i b l e   d i s s y m e t r y .  

In  order  to  enable   the  o b t e n t i o n   of  the  two  above  d e s i g n s ,   t h e  



magnet ron   of  the  p r e s e n t   i n v e n t i o n   more  s p e c i f i c a l l y   comprises   a  f i r s t  

group  of  e q u i a n g u l a r l y   spaced  r a d i a l l y   magnet ized   main  magnets  ( i n  

even  numbers  and  with  a l t e r n a t e   p o l a r i t y )   which  a x i a l l y   extend  a l o n g  

a lmost   the  whole  l eng th   of  the  ca thode ,   so  as  to  g e n e r a t e   said  e q u i -  

a n g u l a r l y   spaced  a x i a l l y   ex tend ing   s t r a i g h t   magnet ic   a r c h - p o r t i o n s ,  

which  f i r s t   group  of  main  magnets  is  completed  by  a  second  group  o f  

end-magne ts   a d e q u a t e l y   a r ranged   in  the  p r o l o n g a t i o n   of  both  ends  o f  

the  main  magnets  of  the  f i r s t   group,   so  as  to  g e n e r a t e   sa id   a r c u a -  

te  magne t i c   a r c h - p o r t i o n s   connec t ing   sa id   s t r a i g h t   arch  p o r t i o n s .  

I t   is  p r e c i s e l y   the  a r rangement   of  t h i s   second  group  of  end -magne t s  

with  r e s p e c t   to  the  f i r s t   group  of  main  magnets  which  is  changed  i n  

order   to  enable  the  o b t e n t i o n   of  the  f i r s t   magnetron  des ign  r e l a t e d  

to  the  g e n e r a t i o n   of  a  s i n g l e   c l o s e d - l o o p   arch  or  the  second  magne- 
t ron  des ign   r e l a t e d   to  the  g e n e r a t i o n   o f  a   p l u r a l i t y   of  c l o s e d - l o o p  

a rches   (the  arrangement   of  the  f i r s t   group  of  main  magnets  r e m a i n -  

ing  for  i t s   pa r t   unchanged  in  both  c a s e s ) .   In  both  c a se s ,   the  a r r a n -  

gement  of  t h i s   second  group  of  end-magnets  f u r t h e r m o r e   remains,  such 

t h a t   o n e - h a l f   of  these  end-magnets   is  d i sposed   in  the  p r o l o n g a t i o n  

of  the  c o r r e s p o n d i n g   main  magnets  by  being  s e p a r a t e d   from  them  by 

i n t e r m e d i a t e   gaps  (while  having  an  o p p o s i t e   p o l a r i t y ) ,   whereas  t h e  

o the r   ha l f   of  these   end-magnets  is  d isposed  d i r e c t l y   a g a i n s t   the  end 

of  the  c o r r e s p o n d i n g   main  magnets  while  having  the  same  p o l a r i t y   ( t h e  

main  and  end-magnets   of  same  p o l a r i t y   thus  d i r e c t l y   in  con tac t   w i t h  

each  o the r   being  t h e r e f o r e   advan t ageous ly   able  to  be  c o n s t i t u t e d   b y  

a  s i n g l e   and  same  m a g n e t ) .  

The  d i f f e r e n t   magnets   c o n s t i t u t i v e   of  the  magnetron  of  the  p r e -  

sent   i n v e n t i o n   are  bes ides   chosen  so  as  to  g e n e r a t e   in  the  v i c i n i -  

ty  of  the  s p u t t e r i n g   face  of  the  t ubu la r   t a r g e t   magne t ic   f i e l d s ,   t h e  

s t r e n g t h   of  which  is  p r e f e r e n t i a l l y   of  the  order  of  300  t o  

800  f b r s t e d s .  

The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  and  appara tus   o f  

the  p r e s e n t   i n v e n t i o n   may  f u r t h e r m o r e ,   in  f u n c t i o n   of  the  d i f f e r e n t  

env i saged   coa t ing   a p p l i c a t i o n s ,   be  designed  so  as  to  assume  one  o f  

the  two  main  fo l lowing   c o n f i g u r a t i o n s :  

-  a p p a r a t u s   with  a  c e n t r a l   c y l i n d r i c a l   s p u t t e r i n g   ca thode ,   d e s i g n -  

ed  for  coa t ing   s u b s t r a t e s   d i sposed   c o n c e n t r i c a l l y   o u t s i d e   the  c e n -  

t r a l   ca thode  (for  ins tance   s i n g l e   t ubu la r   s u b s t r a t e   d i sposed   o o a x i a l -  



ly  around  sa id   ca thode  so  as  to  be  i n t e r n a l l y   coa t ed ,   or  p l u r a l i t y  

of  p lanar   s u b s t r a t e s   d i sposed   e q u i a n g u l a r l y   around  sa id   c a t h o d e ) .  

The  c e n t r a l   s p u t t e r i n g   cathode  will"  in  such  a  case  c o n s i s t   of  a  t u b u -  

la r   t a r g e t   having  i t s   outer   face  a c t i n g   as  the  s p u t t e r i n g   face ,   t h e  

magnetron  being  t h e r e f o r e   i n s e r t e d   i n s i d e   sa id   t u b u l a r   t a r g e t ;  

-  appa ra tu s   with  a  hollow  c y l i n d r i c a l   s p u t t e r i n g   ca thode ,   d e s i g n -  

ed  for  coa t ing   s u b s t r a t e s   i n s e r t e d   a x i a l l y   i n s i d e  s a i d   hollow  c a t h o d e  

(for  i n s t a n c e   r o d - l i k e   or  t u b u l a r   s u b s t r a t e   to  be  e x t e r n a l l y   . c o a t -  

ed) .   The  hollow  s p u t t e r i n g   cathode  w i l l   in  such  a  case  c o n s i s t   o f  

a  t u b u l a r   t a r g e t   having  i t s   inner   face   a c t i n g   as  the  s p u t t e r i n g   f a -  

ce,  the  magnetron  being  t h e r e f o r e   c i r c u m f e r e n t i a l l y   a r ranged   a r o u n d  

the  outer   face  of  s a id   t u b u l a r   t a r g e t .  

In  the  c y l i n d r i c a l   magnetron  ca thode   and  a p p a r a t u s   of  the  p r e -  

sent   i n v e n t i o n ,   the  magnetron  may  f u r t h e r m o r e   be  a r ranged   d i r e c t l y  

a g a i n s t   the  back  face  of  the  t u b u l a r   s p u t t e r i n g   t a r g e t ,   or  on  t h e  

o ther   hand  a g a i n s t   a  t u b u l a r   i n t e r m e d i a t e   suppor t   i n s e r t e d   b e t w e e n  

sa id   t u b u l a r   t a r g e t   and  sa id   magnetron.   In  tha t   l a s t   case,   the  t u -  

bu la r   t a r g e t   may  be  a r ranged  in  c lose   c o n t a c t   a g a i n s t   t h i s   i n t e r m e -  

d i a t e   suppor t ,   or  a l t e r n a t i v e l y   at  shor t   d i s t a n c e   of  the  l a t t e r   s o  

as  to  de f ine   a  t i g h t   chamber  of  low  t h i c k n e s s   to  be  used  for   c o o l -  

ing  purposes .   The  p rov id ing   of  such  a  t i g h t   chamber  for  coo l ing   p u r -  

poses  is  b e t t e r   d e s c r i b e d   in  my  copending  a p p l i c a t i o n   Ser.   No.  

. . . . .   ( f i l e d   the  same  d a y ) ,  w h i c h   is  hereby  i n c o r p o r a t e d   by 

r e f e r e n c e .  

In  the  a p p a r a t u s   of  the  p r e s e n t   i n v e n t i o n ,   the  anode  may  f i n a l -  

ly  be  c o n s t i t u t e d   by  the  s u b s t r a t e   p roper   (said  s u b s t r a t e   being  t h e r e -  

fore  grounded  whi le   the  magnetron  ca thode   is  n e g a t i v e l y   b iased   t o  

a  high  v o l t a g e ) ,   or  on  the  c o n t r a r y   by  an  i n t e r m e d i a t e   g r id   i n t e r -  

posed  between  the  s u b s t r a t e   and  the  magnetron  cathode  (said  i n t e r -  

media te   gr id   being  t h e r e f o r e   grounded  or  p o s i t i v e l y   b i a sed ,   w h i l e  

the  s u b s t r a t e   may  be  n e g a t i v e l y   or  p o s i t i v e l y   b i a s e d ,   or  s t i l l   l e f t  

" f l o a t i n g " ) .  

B r i e f   d e s c r i p t i o n   of  the  d r a w i n g s  

The  accompanying  drawings  are  d iagrammat ic   i l l u s t r a t i o n s   by  way 
of  example  of  s e v e r a l   embodiments  of  the  c y l i n d r i c a l   magnetron  s p u t -  

t e r i n g   system  acco rd ing   to  the  p r e s e n t   i n v e n t i o n .  



Fig .   1  is  a  d iagrammat ic   s e c t i o n a l   view  of  a  f i r s t   embodiment.  

Fig .   2  is  a  p e r s p e c t i v e   view  of  an  e lement   c o n s t i t u t i v e   of  t h e  

ca thode  of  th i s   f i r s t   embodiment,  drawn  to  a  l a r g e r   s c a l e .  

Fig.   3  is  a  c r o s s - s e c t i o n a l   view  accord ing   to  l i n e   I I I - I I I   o f  

Fig.   2 .  

F ig .   4  is  a  p e r s p e c t i v e   view  s i m i l a r   to  that   of  Fig.   2,  show-  

ing  the  o u t s i d e   of  sa id   c a t h o d e .  

F ig .   5  is  a  p e r s p e c t i v e   view  s i m i l a r   to  tha t   of  Fig.   2,  show-  

ing  one  v a r i a t i o n   of  the  cathode  element  i l l u s t r a t e d   on  the  Fig.  2 .  

F ig .   6  is  a  p e r s p e c t i v e   view  s i m i l a r   to  tha t   of  Fig.   5,  show-  

ing  the  o u t s i d e   of  sa id   cathode  (cathode  r o t a t e d   by  90° /F ig .   5 ) .  

F ig .   7  is  a  diagram  e x p l i c a t i v e   of  the  f u n c t i o n n i n g   of  the  above  

embodiment  and  v a r i a t i o n .  

Fig .   8  is  a  d iagrammat ic   s e c t i o n a l   view  s i m i l a r   to  that   o f  

Fig.   1,  i l l u s t r a t i n g   a  second  embodiment .  

Fig.   9  is  a  c r o s s - s e c t i o n a l   view  accord ing   to  l ine   IX-IX  o f  

Fig.  8  .  

F ig .   10  is  a  view,  developped  in  the  p lane ,   of  a  p a r t i c u l a r   e l e -  

ment  of  F igs .   8  and  9 .  

F ig .   11  is  a  view  s i m i l a r   to  that   of  F ig .   lO,  i l l u s t r a t i n g   one  

v a r i a t i o n   of  said  e l e m e n t .  

S p e c i f i c   d e s c r i p t i o n  

The  f i g u r e s   1  to  4  r e l a t e   to  a  f i r s t   embodiment  of  the  a p p a r a -  

tus  of  the  p r e s e n t   i n v e n t i o n ,   according  to  which  there   is  made  u s e  

of  a  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  ex tending   c e n t r a l l y  

ins ide   sa id   a p p a r a t u s ,   so  as  to  enable  the  coa t i ng   of  s u b s t r a t e s   d i s -  

posed  c o n c e n t r i c a l l y   around  sa id   c y l i n d r i c a l   c a t h o d e .  

This  f i r s t   embodiment  of  F igs .   1  to  4  comprises   (Fig.  1)  a  b e l l  

jar   1  r e s t i n g   on  a  base  p la te   2,  so  as  to  form  a  sea led   enc losure   3 .  

The  base  p l a t e   2  is  p rov ided   with  an  evacua t i on   por t   4  connected  ( v i a  

a  valve  5)  to  a  s u i t a b l e   pumping  device  (not  shown),  and  with  an  a d -  

miss ion  por t   6  connected   by  a  gauged  valve  7  to  a  source  of  an  a p p r o -  

p r i a t e   gas  such  as  argon  (not  shown).  The  b e l l   jar  1  is  f u r t he r   p r o -  

vided  with  a  p r e s s u r e   gauge  8 .  

Through  a  c e n t r a l   c i r c u l a r   opening  9  p rov ided   in  the  top  of  t h e  

be l l   j a r   1  is  i n t r o d u c e d   a  c y l i n d r i c a l   magnetron  s p u t t e r i n g   c a t h o -  



de  10,  which  ex tends   c e n t r a l l y   i n s i d e   the  s ea l ed   e n c l o s u r e   3.  T h i s  

c y l i n d r i c a l   ca thode  10  compr ises   at  i t s   upper  end  a  d i s c o i d a l   m e t a l  

block  11,  which  r e s t s   by  means  of  an  e x t e r n a l   f l ange   l l a   on  the  b o r -  

der  of  the  opening  9,  v ia   an  i n s u l a t i n g   r ing  12.  The  d i s c o i d a l   me-  

t a l   block  11  is  in  t u rn   p rov ided   with  a  c e n t r a l   c i r c u l a r   opening  1 4 ,  

through  which  is  i n t r o d u c e d   a  t u b u l a r   shea th   15  with  a  f l a t   b o t t o m  

16  and  an  open  top  17,  which  r e s t s   by  means  of  a  top  e x t e r n a l   f l a n -  

ge  17a  a g a i n s t   the  upper  plane  face  of  the  block  11  ( t i g h t n e s s   b e t -  

ween  the  f l ange   17a  and  the  block  11  ensured  by  a  0 - r i n g   18).  The  

t u b u l a r   sheath   15,  which  is  made  of  a  high  t h e r m a l l y - c o n d u c t i n g   m a -  

t e r i a l   such  as  copper ,   is  f u r t h e r   p rov ided   at  both  l a t e r a l   ends  w i t h  

r e s p e c t i v e   e x t e r n a l   a n n u l a r   s h o u l d e r s   19a  and  19b  of  low  t h i c k n e s s ,  

d imensionned  for  c l o s e l y   f i t t i n g   the  i n t e r n a l   d i ame te r   of  the  c e n -  

t r a l   opening  14  of  the  block  1 1 .  

Around  the  t u b u l a r   sheath   15  is  in  turn  c o a x i a l l y   mounted  a n  

open-ended  t u b u l a r   t a r g e t  2 0   made  of  a  m a t e r i a l   to  be  s p u t t e r e d ,   i n -  

t e r n a l l y   d imensionned  for  c l o s e l y   f i t t i n g   the  r e s p e c t i v e   e n d - s h o u l -  

ders  19a  and  19b  of  the  t u b u l a r   shea th   15.  The  uppe r   end  of  the  t u -  

bular   t a r g e t   20  p r o t r u d e s   i n s i d e   an  annular   recess   l i b   p rov ided   i n  

the  lower  pa r t   of  the  block  11  for  e n l a r g i n g   the  c o r r e s p o n d i n g   l o w -  

er  pa r t   of  the  opening  14,  so  tha t   t h i s   upper  end  of  t a r g e t   20  i s  

f i rmly   i n s e r t e d   between  the  l a t e r a l   wal l   of  the  r e c e s s   l l b   and  t h e  

shoulder   19a  of  the  t ubu l a r   shea th   15  ( t i g h t n e s s   between  the  t a r g e t  

20  and  the  block  1 1  e n s u r e d  b y   a  0 - r i n g   21  d i s p o s e d   in  an  a n n u l a r  

groove  p rovided   in  the  l a t e r a l   wall   of  r ecess   l i b ) .   The  lower  end  

of  the  t u b u l a r   t a r g e t   20,  which  r e s t s   by  i t s   i n t e r n a l   w a l l   a g a i n s t  

the  endshou lder   19b  of  sheath   15,  is  in  turn   c l o s e l y   su r rounded   by  

the  l a t e r a l   w a l l   22a  of  a  cup-shaped   c lo s ing   e lement   22,  the  b o t t o m  

22b  of  which  is  ma in t a ined   in  c lose   c o n t a c t   a g a i n s t   the  bottom  16 

of  the  shea th   15  by  means  of  a  nut  23  c o o p e r a t i n g   with  a  screw  24 

i n t e g r a l   with  the  bottom  16  (screw  24  p r o t r u d i n g   below  the  b o t t o m  

22b  th rough  a  c e n t r a l   hole  p rov ided   in  sa id   bottom  22b).   In  the  a n n u -  

lar   space  between  the  shoulder   19b  of  the  sheath   15  and  the  l a t e r a l  

wall   22a  of  the  c l o s i n g   element  22  is  be s ides   mounted  an  a n n u l a r  

spr ing   27,  compressed  between  the  bottom  22b  of  c l o s i n g   element  22 

and  the  lower  end  of  the  t a r g e t  2 0   so  as  to  keep  the  upper  end  o f  

sa id   t a r g e t   20  t i g h t l y   i n s e r t e d   i n s ide   the  r ecess   l l b   of  the  b l o c k  



11,  whatever   the  thermal   d i l a t a t i o n   l i k e l y   to  b e   i ncu r r ed   by  s a i d  

t a r g e t   20  (the  t i g h t n e s s   between  the  lower  end  of  t a r g e t   20  and  t h e  

l a t e r a l   wall  22a  of  c los ing   element  22  being  ensured  by  a  O-r ing   28 

d i sposed   in  an  annula r   groove  provided  in  the  l a t e r a l   wall   22a,  w h i -  

le  the  t i g h t n e s s   between  the  r e s p e c t i v e  b o t t o m s   16  and  22b  is  e n s u -  

red  by  a  0 - r i n g   29  d i sposed   in  an  annular   groove  p rov ided   in  the  u p -  

per  face  of  bottom  2 2 b ) .  

The  thus  c o a x i a l l y   mounted  t ubu la r   shea th   15  and  t ubu la r   t a r -  

get  20  t h e r e f o r e   d e l i m i t a t e   an  annular  t i g h t   chamber  30  of  low  t h i c k -  

ness  t h e r e b e t w e e n ,   which  a x i a l l y   extends  from  the  top  metal  b l o c k  

11  to  the  bottom  c l o s i n g   element  22  of  the  s p u t t e r i n g   cathode  10  ( t h e  

t i g h t n e s s   of  sa id   chamber  30  being  ensured  by  the  r e s p e c t i v e   O - r i n g s  

18,  21,  28  and  29 ) .   The  t u b u l a r   sheath  15  and  t u b u l a r   t a r g e t   20  a r e  

d imensionned  with  r e s p e c t   to  each  other   (adequate   choice  of  the  i n -  

t e r n a l   d i ame te r   of  the  t a r g e t   20  with  r e s p e c t   to  the  e x t e r n a l   d i a -  

meter  of  shea th   15  and  the  t h i ckness   of  the  shou lde r s   19)  so  as  t o  

d e l i m i t a t e   an  annula r   chamber  30  p r e s e n t i n g   an  i n t e r n a l   t h i c k n e s s  

p r e f e r a b l y   comprised  between  0.1  and  0.3  mm  ( t h i c k n e s s   s t r o n g l y   e x a -  

gge ra t ed   with  r e s p e c t   to  the  other   d imens ions   on  the  drawing,   f o r  

purposes   of  b e t t e r   u n d e r s t a n d i n g ) .  

This   annula r   t i g h t   chamber  30  is  bes ides   connected  to  the  o u t -  

s ide   of  the  s e a l e d   enc lo su re   3  thanks  to  the  p r o v i d i n g ,   in  the  u p -  

er  e n d - s h o u l d e r   l9a  of  the  sheath  15,  of  a  p l u r a l i t y   of  e q u i a n g u l a r -  

ly  spaced  a x i a l l y   ex tend ing   channels   31  (two  of  them  being  shown  i n  

do t ted   l i n e s   on  F ig .   1)  emerging  in  an  annular   groove  32,  which  a n n u -  

lar   groove  32  in  t u rn   f r e e l y   communicates  with  the  o u t s i d e   by  means  

of  a  condu i t   33  a d e q u a t e l y   p ie rced   through  the  b l o c k  1 1 .   The  o u t s i -  

de  e m e r g i n g  e n d   of  the  condui t   33  is  in  tu rn   connected   to  the  f i r s t  

branch  of  a  f o u r - b r a n c h   j u n c t i o n   34,  the  second  branch  of  which  i s  

connected   via  a  va lve   35  to  a  s u i t a b l e   pumping  device   (not  s h o w n ) ,  

the  t h i r d   branch  of  which  is  connected  via   a  gauged  valve  36  to  a  

source  37  of  a  high  t h e r m a l l y - c o n d u c t i n g   gas  (such  as  he l ium) ,   a n d  

the  f o u r t h   branch  of  which  is  connected  to  a  p r e s s u r e   gauge  38 .  

The  open  top  17  of  the  t ubu la r   shea th   15  is  c losed   by  a  p l a n e  

cover  40  r e s t i n g   on  the  upper  plane  face  of  the  f lange  17a  (the  t i g h t -  

ness  between  the  cover  40  and  the  f lange  l7a  being  ensured  by  a  O - r i n g  

41  d i sposed   in  an  annular   groove  provided  in  the  upper  face  of  s a i d  



f lange   17a).   Through  a  c e n t r a l   c i r c u l a r   opening  40a  provided  in  t h e  

cover  40  is  i n s e r t e d   a  c y l i n d r i c a l   s tud   43  (the  t i g h t n e s s   b e t w e e n  

the  cover  40  and  t h e   stud  43  being  -ensured  by  an  adequate   0 - r i n g   4 2 ) ,  

to  the  lower  end  of  which  is  connected   a  s o f t   iron  rod  44  with  a  

square  c r o s s - s e c t i o n   which  c e n t r a l l y   ex tends   i n s ide   the  t u b u l a r  

shea th   15  s u b s t a n t i a l l y   along  the  whole  l eng th   of  the  annular   cham-  

ber  3 0 .  

Around  t h i s   so f t   iron  c e n t r a l   rod  44  is  mounted  a  magnet  a s s e m -  

bly  45,  des igned   for  g e n e r a t i n g   magne t i c   f i e l d s   having  f lux   l i n e s  

which  p r o j e c t   in  a  curve  from  the  outer   s p u t t e r i n g   face  20a  of  t h e  

t u b u l a r   t a r g e t   20  and  r e t u r n   t h e r e t o   to  form  arch  p o r t i o n s   t h e r e o v e r  

(flux  l i n e s   s u c c e s s i v e l y   t r a v e r s i n g   the  t u b u l a r   shea th   15  and  t h e  

t u b u l a r   t a r g e t   20  made  of  non-magne t i c   m a t e r i a l s ) .   This  magnet  a s s e m -  

bly  45,  which  is  b e t t e r   shown  on  the  p e r s p e c t i v e   view  of  Fig.   2  (ma- 

gnet  assembly  45  shown  in  Fig.   1  in  a  s e c t i o n a l   view  acco rd ing   t o  

l i n e s   I - I   of  F ig .   2),  c o n s i s t s   of  a  p l u r a l i t y   of  e q u i a n g u l a r l y   s p a -  

ced  a x i a l l y   e x t e n d i n g   r a d i a l l y   magne t i zed   magnets  461  to  464  and  471 
to  474,  which  are  ar ranged  a g a i n s t   the  four  l o n g i t u d i n a l   faces   o f  

the  c e n t r a l   rod  44  in  the  f o l l owing   m a n n e r :  

-  p a r a l l e l e p i p e d i c   magnets  461  and  463,  coupled  by  t h e i r   s o u t h  

pole   faces   a g a i n s t   the  r e s p e c t i v e   o p p o s i t e   faces  441  and  443  of  t h e  

c e n t r a l   rod  44  so  as  to  have  t h e i r   nor th   pole   f aces   p o i n t i n g   in  t h e  

v i c i n i t y   of  the  inner  wall  of  the  t u b u l a r   shea th   15,  s a id   p a r a l l e -  

l e p i p e d i c   magnets  461  and  463  ex t end ing   along  the  c e n t r a l   rod  44  f r o m  

i t s   upper  end  p o r t i o n   to  an  i n t e r m e d i a t e   p o r t i o n   s i t u a t e d   i n m e d i a -  

t e l y   upward  i t s   lower  end  p o r t i o n ,  

-  p a r a l l e l e p i p e d i c   magnets  462  and  464,  coupled  by  t h e i r   n o r t h  

pole   faces  a g a i n s t   the  r e s p e c t i v e   o p p o s i t e   faces  442  and  444  of  t h e  

c e n t r a l   rod  44  so  as  to  have  t h e i r   south   pole  faces   p o i n t i n g   in  t h e  

v i c i n i t y   of  the  inner  wall  of  the  t u b u l a r   sheath   15,  s a id   p a r a l l e -  

l i p e d i c   magnets  462  and  464  ex tend ing   along  the  c e n t r a l   rod  44  f r o m  

i t s   lower  end  p o r t i o n   to  an  i n t e r m e d i a t e   p o r t i o n   s i t u a t e d   i m m e d i a -  

t e l y   below  i t s   upper  end  p o r t i o n ,  

-  cub ic   end-magnets   471  and  473,  coupled   a g a i n s t   the  lower  end 

p o r t i o n   of  the  r e s p e c t i v e   opposing  faces   441  and  443  of  the  c e n t r a l  

rod  44  so  as  to  extend  in  the  p r o l o n g a t i o n   of  the  c o r r e s p o n d i n g   p a -  

r a l l e l e p i p e d i c   magnets  461  and  463  whi le   being  s e p a r a t e d   f ran  t h e  



l a t t e r   by  gaps  48,  s a i d   cubic  end-magnets  471  and  473  being  c o u p l e d  

by  t h e i r   nor th   pole   faces   aga in s t   the  lCMer  end  p o r t i o n s   of  said  o p p o -  

sing  faces   441  and  443  so  as  to  have  t h e i r   south  pole  faces  p o i n t -  

ing  in  the  v i c i n i t y   of  the  inner  wall   of  the  t u b u l a r   shea th   15,  a n d ,  

-  cubic   end-magnets   472  and  474,  coupled  a g a i n s t   the  upper  end 

p o r t i o n   of  the  r e s p e c t i v e   opposing  faces  442  and  444  of  the  c e n t r a l  

rod  44  so  as  to  ex tend   in  the  p r o l o n g a t i o n   of  the  co r r e spond ing   p a -  

r a l l e l e p i p e d i c   magnets  462  and  464  while  being  s e p a r a t e d   from  t h e  

l a t t e r   by  gaps  48,  s a i d   cubic  end-magnets  472  and  474  being  c o u p l e d  

by  t h e i r   south  pole   faces   aga in s t   the  upper  end  p o r t i o n s   of  said  o p p o -  

sing  faces   442  and  444  so  as  to  have  t h e i r   nor th   pole  faces  p o i n t -  

ing  in  the  v i c i n i t y   of  the  inner  wall   of  t h e  t u b u l a r   shea th   15 .  

The  a b o v e - d e s c r i b e d   p l u r a l i t y   of  magnets  461  to  464  and  471  t o  

474  c o n s t i t u t i v e   of  the  magnet  assembly  45  i n s e r t e d   ins ide   the  t u -  

bular   shea th   15  is  t h e r e f o r e   arranged  in  such  a  manner  as  to  g e n e -  
r a te   f lux  l i n e s   which  form  over  the  outer  s p u t t e r i n g   face  20a  of  t h e  

t u b u l a r   t a r g e t   20  (Figs .   3  and  4)  four  e q u i a n g u l a r l y   spaced  a x i a l -  

ly  ex tend ing   s t r a i g h t   arch  p o r t i o n s   50  a l t e r n a t e l y   connected  to  one 

another   by  four  a r c u a t e   arch  e n d - p o r t i o n s   51,  whereby  d e f i n i n g   a  s i n -  

gle  c l o s e d - l o o p   arch  52  ex tending   in  a  meander ing   manner  over  t h e  

e n t i r e   c i r c u m f e r e n c e   of  the  s p u t t e r i n g   face  20a  of  sa id   t ubu l a r   t a r -  

get  20 .  

The  upper  end  of  the  c y l i n d r i c a l   stud  43  p r o t r u d i n g   ou t s ide   t h e  

cover  40  is  be s ides   connected  (Fig.  1)  to  the  s h a f t   o f   a  motor  5 5 ,  

designed  for  s lowly  r o t a t i n g   the  magnet  assembly  45  accord ing   to  a  

t o - a n d - f r o   r o t a t o r y   movement,  of  an  ampl i tude   s u f f i c i e n t   (about  +  45° )  

for  enab l ing   the  s i n g l e   c l o s e d - l o o p   arch  52  g e n e r a t e d   by  said  magne t  

assembly  45  to  be  p e r i o d i c a l l y   scanned  over  the  e n t i r e   sur face   o f  

the  s p u t t e r i n g   face  2 0 a .  

The  c losed  t u b u l a r   sheath  15  c o n t a i n i n g   the  magnet  assembly  45 

is  f u r t h e r m o r e   p rov ided   with  a  c i r c u i t   for  c i r c u l a t i n g   a  l i q u i d   c o o l -  

ant  such  as  cold  water  t h e r e w i t h i n .   This  c i r c u i t   comprises   at  l e a s t  

one  admiss ion   condu i t   56  extending  frcm  the  o u t s i d e   of  the  cover  40 

to  near  the  bottom  16  of  the  sheath  15  (while  t r a v e r s i n g   the  magnet  

assembly  45  by  e x t e n d i n g   along  the  corner  of  one  of  the  l o n g i t u d i -  

nal  spaces  49  d e l i m i t a t e d   between  the  e q u i a n g u l a r l y   spaced  magne ts  

46  and  47),  so  as  to  bring  the  l i q u i d   c o o l a n t   down  to  the  bottom  16 



of  sa id   shea th   15  ( o u t s i d e   p r o t r u d i n g   end  of  the  condu i t   56  c o n n e c t -  

ed  to  a  s u i t a b l e   l i q u i d   coo lan t   source   not  shown  on  the  d r a w i n g ) .  

The  l i q u i d   coo l an t   thus  brought   down  to  the  b o t t a n   16  can  then  f r e e -  

ly  flow  upwards,  by  c i r c u l a t i n g   along  the  f ree   l o n g i t u d i n a l   s p a c e s  
49  d e l i m i t a t e d   between  the  e q u i a n g u l a r l y   spaced  d i f f e r e n t   m a g n e t s  

46  and  47,  before   being  evacuated   through  an  evacua t ing   por t   57  p r o -  
vided  in  the  cover  4 0 .  

I n s i d e   the  s ea l ed   e n c l o s u r e   3  i s   f i n a l l y   d i sposed   a  t u b u l a r   m e -  

t a l   s u b s t r a t e   59  to  be  i n t e r n a l l y   coa ted ,   a r r anged   o o a x i a l l y   a r o u n d  

the  t u b u l a r   t a r g e t   20  of  the  c e n t r a l   c y l i n d r i c a l   cathode  10.  The  t u -  

bu la r   meta l   s u b s t r a t e   59  is  connec ted   to  ground  (as  wel l   as  the  m e -  

t a l   e n c l o s u r e   3),  whi le   the  c e n t r a l   ca thode  10  is  connected   via  a  

switch  60  and  an  amperemeter   61  to  the  n e g a t i v e   pole   of  a  h i g h - v o l -  

tage  source   62  whose  o ther   pole  is  a lso  g r o u n d e d .  

The  above  a p p a r a t u s   f i n a l l y   compr ises   a  c o n t r o l   c i r c u i t   64,  r e s -  

p e c t i v e l y   connec ted   by  i t s   input   to  the  p r e s s u r e   gauge  38  and  by  i t s  

ou tput   to  the  swi tch   60.  This  c o n t r o l   c i r c u i t   64  is  des igned  for  t r i g -  

ger ing   the  opening  of  the  switch  60,  as  soon  as  the  p r e s s u r e  r e c o r d -  

ed  by  the  gauge  38  undergoes   a  sudden  dec rea se   with  r e s p e c t   to   a  p r e -  
de te rmined   v a l u e .  

The  a b o v e - d e s c r i b e d   s p u t t e r i n g   a p p a r a t u s   o p e r a t e s   in  the  f o l -  

lowing  m a n n e r :  

The  c y l i n d r i c a l   cathode  10  being  p rovided   with  a  new  unconsumed 

t a r g e t   20,  the  s ea l ed   e n c l o s u r e   3  is  evacua ted   and  an  argon  a t m o s -  

phere  of  the  order   10-4  to  10-2  t o r r   is  i n t r o d u c e d   t h e r e i n .   C o n c u r -  

r e n t l y ,   the  annular   chamber  30  of  the  ca thode  10  is  a l so   e v a c u a t e d  

(by  pumping  means  connected   to  the  valve  35)  and  an  helium  a t m o s p h e -  

re  of  the  order   of  lO  to r r   is  i n t r o d u c e d   t h e r e i n   (by  means  of  t h e  

gauged  valve  36  connec ted   to  the  helium  source  3 7 ) .  

The  l i q u i d   coo l an t   being  then  c i r c u l a t e d   i n s i d e   the  t u b u l a r  

shea th   15  of  the  ca thode   10,  the  switch  60  is  c losed ,   whereby  c a u -  

sing  the  a p p l i c a t i o n   of  a  nega t ive   high  v o l t a g e   to  sa id   ca thode   10 .  

The  n e g a t i v e   b i a s i n g   of  the  cathode  10  then  produces  in  a  known 

manner  a  glow  d i s c h a r g e   in  the  ne ighborhood  t h e r e o f ,   which  c a u s e s  

i o n i z a t i o n   of  the  argon  atoms.  The  argon  ions  thus  formed  then  bom- 

bard  the  s p u t t e r i n g   face  20a  of  the  t u b u l a r   t a r g e t   2 0 ,  w h e r e b y   c a u -  

sing  the  e j e c t i o n   (or  s p u t t e r i n g )   of  atoms  from  sa id   s p u t t e r i n g   f a -  



ce  20a,  which  s p u t t e r e d   atoms  are  then  depos i t ed   by  c o n d e n s a t i o n   on 

the  i n t e r n a l   face  of  the  t u b u l a r   s u b s t r a t e   59 .  

The  presence   of  the  magnet  assembly  45  i n s i d e   the  c y l i n d r i c a l  

ca thode  10  has  for  e f f e c t   of  c o n f i n i n g   the  d i s c h a r g e   plasma  ( i o n i -  

z a t i o n   region)  w i th in   the  c l o s e d - l o o p   endless   arch  52  formed  o v e r  

the  s p u t t e r i n g   face  20a  by  the  f lux   l i n e s   of  sa id   magnet  a s s e m b l y  

45,  while  c o n c u r r e n t l y   producing  a  very  high  i n t e n s i f i c a t i o n   of  t h i s  

d i s c h a r g e   plasma.  The  fo rma t ion   of  such  an  i n t e n s e   and  conf ined   d i s -  

charge  plasma  may  be  exp la ined   in  a  known  manne r  by   the  fac t   t h a t  

the  c losed  loop  end le s s   arch  52  gene ra t ed   by  the  magnet  assembly  45 

a c t s ,   with  r e s p e c t   to  the  secondary  e l e c t r o n s   emi t ted   by  the  t a r g e t  

20,  as  a  t r app ing   means  which  compels  these   secondary  e l e c t r o n s   t o  

c i r c u l a t e   along  an  extended  con t inuous   path  around  the  s p u t t e r i n g  

s u r f a c e   20a  i n s t e a d   of  d i r e c t l y   m i g r a t i n g   towards  the  anode,  w h e r e -  

by  d r a s t i c a l l y   i n c r e a s i n g   the  p r o b a b i l i t y   of  i o n i z i n g   c o l l i s i o n s   w i t h  

argon  atoms.  The  p r o d u c t i o n   of  such  an  i n t ense   and  conf ined   d i s c h a r -  

ge  plasma  t h e r e f o r e   r e s u l t s   in  an  i n t ense   ion  bombarding  of  the  s p u t -  

t e r i n g   face  20a  of  the  t a r g e t   20  ( large   ion  c u r r e n t   bombarding  o f  

the  c a t h o d e ) ,   whereby  caus ing  an  i n t ense   s p u t t e r i n g   of  sa id   t a r g e t  

20,  and  thus  the  coa t i ng   with  a  high  d e p o s i t i o n   r a t e   of  the  i n t e r -  

na l   face  of  the  t u b u l a r   s u b s t r a t e   5 9 .  

The  i n t ense   ion  bombardment  to  which  the  t a r g e t   20  is  thus  s u b m i t -  

ted  however  causes  a  high  power  d i s s i p a t i o n   at  the  t a r g e t ,   w h e r e b y  

r e q u i r i n g   a  s u f f i c i e n t   t a r g e t   cool ing   th roughou t   the  s p u t t e r i n g   i n  

view  of  p r e v e n t i n g   any  damaging  r i s k   ( pos s ib l e   d e t e r i o r a t i o n   of  t h e  

t a r g e t   20,  and/or   too  high  r a d i a t i v e   hea t ing   of  the  s u b s t r a t e   5 9 ,  

and/or   p o s s i b l e   d e m a g n e t i z a t i o n   of  the  magnet  assembly  45).  Such  a  

s u f f i c i e n t   t a r g e t   coo l ing   th roughout   the  s p u t t e r i n g   is  p r e c i s e l y   e n -  

sured  by  the  double  coo l ing   system  provided  in  the  p r e s e n t   a p p a r a -  

tus ,   i . e .   the  c losed  t u b u l a r   sheath   15  c o n t a i n i n g   the  magnet  a s s e m -  

bly  45,  which  is  p rov ided   with  a  l i q u i d   coolan t   c i r c u i t ,   and  the  a n n u -  

la r   chamber  30  of  low  t h i cknes s   c o a x i a l l y   ex tending   between  t h i s   t u -  

bu la r   sheath   15  and  the  back  of  the  t a r g e t   20,  which  is  p rov ided   w i t h  

an  atmosphere  of  a  high  t he rma l ly   conduc t ing   gas  such  as  helium.  The 

i n t e r p o s i t i o n   of  a  s t a g n a n t   helium  l ayer   of  low  t h i c k n e s s   b e t w e e n  

the  t a r g e t   20  and  the  sheath   15  as  a  mat ter   of  f ac t   a u t h o r i z e s ,   i n  

s p i t e   of  the  high  power  d i s s i p a t i o n   at  the  t a r g e t ,   a  permanent   h e a t  



t r a n s f e r   from  the  t a r g e t  2 0   to  the  shea th   15  ( through  sa id   h e l i u m  

layer )   which  is  proved  to  be  s u f f i c i e n t l y   high  for  keeping  the  t e m -  

p e r a t u r e   of  sa id   t a r g e t   20  down  to maximum  p e r m i s s i b l e   va lues   of  t h e  

order   of  500°C,  p rov ided   t ha t   the  t e m p e r a t u r e   of  sa id   sheath   15  i s  

for  i t s   pa r t   kept  about   the  ambient   va lue .   The  m a i n t a i n i n g '   of  t h e  

shea th   15  about  the  ambient  va lue   is  p r e c i s e l y   ensured   by  the  l i q u i d  

coo lan t   c i r c u l a t e d   i n s i d e   the  shea th   15,  which  c o n t i n u o u s l y   e v a c u a -  

tes  towards  the  o u t s i d e   t h e   heat  c o n t i n u o u s l y   t r a n s f e r r e d   t h r o u g h  

the  hel ium  gas  l a y e r   of  low  t h i c k n e s s .   The  e v a c u a t i o n   of  such  h e a t  

towards  the  o u t s i d e   is  p r e c i s e l y   a l l   the  b e t t e r   as  the  l i q u i d   c o o l -  

ant  can  f r e e l y   c i r c u l a t e   along  the  l o n g i t u d i n a l   spaces   49  d e l i m i t a -  

ted  between  the  e q u i a n g u l a r l y   spaced  d i f f e r e n t   magnets  46  and  4 7 ,  

i . e .   along  l o n g i t u d i n a l   spaces   49  which  p r e c i s e l y   ex tend  in  f r o n t  

of  the  r eg ions   of  the  t a r g e t   20  where  the  s p u t t e r i n g   (and  thus  t h e  

power  d i s s i p a t i o n )   is  the  more  i n t e n s e .  

As  the  s p u t t e r i n g   p roceeds ,   the  t a r g e t   20  undergoes   a  p r o g r e s -  
s ive  e r o s i o n ,   which  would  in  p r i n c i p l e   remain   l o c a l i s e d   in  the  o n -  

ly  r e g i o n s  o f   the  t a r g e t   covered  by  the  c l o s e d - l o o p   conf ined   d i s c h a r -  

ge  p l a s m a   ( i . e .   in  the  r eg ions   covered  by  the  c l o s e d - l o o p   arch  5 2  

formed  by  the  f lux  l i n e s   of  the  magnet  assembly  45.)  The  p r o v i d i n g  

of  the  motor  55  for   s lowly   r o t a t i n g   the  magnet  assembly  45  a c c o r d -  

ing  to  an  o s c i l l a t o r y   r o t a t o r y   movement  with  r e s p e c t   to  the  t a r g e t  

20  has  however  p r e c i s e l y   for   o b j e c t   of  e n s u r i n g   a  uniform  e r o s i o n  

of  sa id   t a r g e t   20  (whereby  r e s u l t i n g   in  an  improved  t a r g e t   l i f e ) ,  

by  p e r i o d i c a l l y   s cann ing   the  c l o s e d - l o o p   arch  52  (and  thus  the  i n -  

tense  d i s c h a r g e   plasma  conf ined   ins ide   sa id   arch  52)'  over  the  e n t i -  

re  s u r f a c e   of  the  s p u t t e r i n g   face   20a.  The  u n i f o r m i t y   of  the  t a r g e t  

e ros ion   is  f u r t h e r m o r e   a l l   the  b e t t e r   as  the re   is  produced  a  s i n g l e  

c l o s e d - l o o p   plasma  meander ing  over  the  e n t i r e   c i r c u m f e r e n c e   of  t h e  

s p u t t e r i n g   face,   whereby  r e s u l t i n g   in  a  p r a c t i c a l l y   uniform  p l a s m a  

c u r r e n t   along  i t s   whole  pa th .   The  above  p r o v i d i n g   of  the  motor  55 

for  s lowly  r o t a t i n g   the  magnet  assembly  45  in  turn   r e s u l t s   in  a  s i -  

mi lar   o s c i l l a t o r y   r o t a t i o n a l   movement  of  sa id   magnet  assembly  45  w i t h  

r e s p e c t   to  the  s u b s t r a t e   59,  whereby  g iv ing  r i s e   to  an  e x c e l l e n t   u n i -  

fo rmi ty   as  regards   the  i n t e r n a l   coa t ing   of  the  s u b s t r a t e   5 9 .  

When  the  s u b s t r a t e   59  is  provided  with  a  uniform  coa t ing   of  d e -  

s i r ed   t h i c k n e s s ,   the  s p u t t e r i n g   o p e r a t i o n   is  t e m p o r a r i l y   s topped  s o  



as  to  enable   the  r ep lacemen t   of  sa id   coated  s u b s t r a t e   by  a  new  u n -  

coa ted   one,  and  the  s p u t t e r i n g   o p e r a t i o n   can  then  be  immediate ly   r e -  

s t a r t e d .   Throughout   the  s u c c e s s i v e -   c o a t i n g   of  d i f f e r e n t   s u b s t r a t e s ,  

the  s p u t t e r i n g   t a r g e t   20  con t inues   to  be  p r o g r e s s i v e l y   eroded,   w h e r e -  

by  g iv ing   r i s e   to  i t s   p i e r c i n g   at  c e r t a i n   u n f o r e s e e a b l e   moment  o f  

the  s p u t t e r i n g   o p e r a t i o n .   Such  a  p i e r c i n g   is  however  proved  to  be 

t o t a l l y   harmful   for   the  s p u t t e r i n g   appa ra tu s   and /or   the  s u b s t r a t e s  

being  coa ted ,   s ince   i t   r e s u l t s   in  a  s imple  i r r u p t i o n   of  helium  i n -  

s ide   the  s ea l ed   e n c l o s u r e   3,  which  is  at  once  d e t e c t e d   by  the  p r e s -  

sure  gauge  38  (gauge  38  d e t e c t i n g   a  sudden  dec rease   of  helium  p r e s -  

sure   i n s i d e   the  annu la r .   chamber  30)  for  immedia te ly   c o n t r o l l i n g ,   by  

means  of  the  c o n t r o l l i n g   c i r c u i t   64,  the  au tomat ic   c u t - o f f   of  t h e  

switch  60  of  the  s p u t t e r i n g   a p p a r a t u s .   The  p i e r c e d   t a r g e t   20,  t h e  

consumption  (and  thus  the  l i f e t i m e )   of  which  has  been  t h e r e f o r e   op -  

t i m a l i z e d ,   can  then  be  immediate ly   removed  from  the  sea led   e n c l o s u -  

re  for  being  rep laced   by  a  new  f r e sh   one,  and  the  s p u t t e r i n g   o p e r a -  
t ion   can  then  be  r e s t a r t e d   for  con t inu ing   the  s u b s t r a t e   c o a t i n g .  

In  the  a b o v e - d e s c r i b e d   o p e r a t i o n ,   the  coa t ing   of  each  s u b s t r a t e  

59  may  b e s i d e s ,   if  d e s i r e d ,   be  preceded  by  a  c l e a n i n g   s t ep ,   w h i c h  

c l e a n i n g   s tep   may  be  c a r r i e d   out  in  a  known  manner  by  n e g a t i v e l y   b i a -  

sing  sa id   s u b s t r a t e   59  while   the  c y l i n d r i c a l   ca thode   10  is  g r o u n d -  

ed  (said  b i a s i n g ,   which  is  the  r eve r se   o f   t h a t   app l i ed   during  t h e  

c o a t i n g ,   g iv ing   r i s e   in  a  known  manner  to  the  g e n e r a t i o n   of  a  glow 

d i s c h a r g e   caus ing   the  proper  s p u t t e r i n g   of  sa id   s u b s t r a t e ) .  

According  to  a  v a r i a t i o n   of  the  a b o v e - d e s c r i b e d   embodiment,  t h e  

motor  55  for  moving  the  magnet  assembly  45  may  be  designed  for  r o -  

t a t i n g   t h i s   assembly  45  accord ing   to  an  u n i d i r e c t i o n a l   r o t a t o r y   mo- 

vement  i n s t ead   of  the  t o - a n d - f r o   r o t a t o r y   movement  p r e v i o u s l y   d e s -  

c r i bed   (the  admiss ion   condu i t   56  ex t end ing   along  one  of  the  c h a n n e l s  

49  of  the  magnet  assembly  45  being  in  such  a  case  advan tageous ly   r e -  

p laced   by  a  b o r e h o l e ,   p i e r ced   through  the  stud  43  and  the  rod  44  s o  

as  to  a x i a l l y   extend  from  the  upper  end  of  sa id   stud  43  to  the  low-  

er  end  of  sa id   rod  44),  so  as  to  cause  f u l l   r e v o l u t i o n s   of  the  ma-  

gnet  assembly  45  with  r e s p e c t   to  the  t u b u l a r   t a r g e t   20  and  the  s u b s -  

t r a t e   59,  whereby  r e s u l t i n g   in  an  e f f e c t   s i m i l a r   to  tha t   p r e v i o u s -  

ly  d e s c r i b e d   as  regards   the  good  u n i f o r m i t y   of  t a r g e t   s p u t t e r i n g   a s  

well   as  tha t   of  s u b s t r a t e   c o a t i n g .  



According  to  another   v a r i a t i o n   of  the  a b o v e - d e s c r i b e d   embodiment ,  

one  may  envisage   to  s l i g h t l y   modify  the  "mounting"  des ign  of  the  t u -  

bu la r   t a r g e t   20  and  of  the  s u b s t r a t e   59,  so  as  to  r o t a t e   both  t h e  

t a r g e t   20  and  the  s u b s t r a t e   59  with  r e s p e c t   to  the  magnet  a s s e m b l y  

45,  whereby  r e s u l t i n g   in  e f f e c t s   s i m i l a r   to  t ha t   p r e v i o u s l y   d e s c r i b e d  

as  r egards   the  u n i f o r m i t y   of  t a r g e t   s p u t t e r i n g   and  s u b s t r a t e   c o a t i n g .  

Example  

The  s p u t t e r i n g   a p p a r a t u s   of  F igs .   1  t o   4  is  used  for  d e p o s i t i n g  

a  s t a i n l e s s   s t e e l   c o a t i n g   of  about  10  um  t h i c k   (for  c o r r o s i o n   p r o -  
t e c t i o n   purposes)   on  the   i n t e r n a l   su r f ace   of  s o f t   i ron  tubes  h a v i n g  

a  l eng th   of  the  order  of  400  mm  as  wel l   as  an  i n t e r n a l   d iameter   o f  

the  order  of  70  mm. 

For  such  a  d e p o s i t i o n ,   the  s p u t t e r i n g   a p p a r a t u s   of  F igs .   1  t o  

4  makes  use  of  a  c y l i n d r i c a l   ca thode  10  p r e s e n t i n g   the  fo l lowing   s t r u c -  

t u r a l   p a r a m e t e r s :  

-  t u b u l a r   sheath  15  made  of  copper ,   p r e s e n t i n g   an  e x t e r n a l   d i a -  

meter  of  the  order  of  31.6  mm, 

-  t u b u l a r   t a r g e t   20  made  of  18/8  s t a i n l e s s   s t e e l   ( s t a i n l e s s   s t e e l  

304  accord ing   to  US  d e s i g n a t i o n ) ,   p r e s e n t i n g   an  i n t e r n a l   d i a m e t e r  

of  the  order  of  32  mm  ( t u b u l a r   sheath  15  and  t u b u l a r   t a r g e t   20  t h e r e -  

fo re   d e l i m i t a t i n g   t h e r e b e t w e e n   an  annular   chamber  30  having  a  t h i c k -  

ness  of  the  order  of  0.2  mm),  w h i c h   t u b u l a r   t a r g e t   20  f u r t h e r m o r e  

p r e s e n t s   an  i n i t i a l   t h i c k n e s s   of  the  order   of  1.5  mm,  as  wel l   as  a n  

o v e r a l l   l ength   of  t he   order   of  500  mm  ( t i g h t n e s s   at  both  ends  e n s u -  

red  by  O- r ings   21  and  28  made  of  V i t o n ) ,  

-  magnet  assembly  45  des igned  so  as  to  g e n e r a t e   in  the  v i c i n i t y  

of  the  s p u t t e r i n g   face  20a  of  the  t a r g e t   20  magne t i c   f i e l d s   h a v i n g  

a  s t r e n g t h   of  the  order  of  300  to  800  Ørs teds   (depending  on  the  a c t -  

ual  e r o s i o n   l eve l   of  the  t a r g e t ) ,   sa id   magnet  assembly  45  being  f u r -  

thermore  a r ranged  i n s ide   the  t a r g e t   20  so  as  to  cause  the  e r o s i o n  

of  the  l a t t e r   along  a  l e n g t h   of  about  450  mm. 

A  s o f t   iron  tube  59  to  be  coated  having  been  ar ranged  c o n c e n -  

t r i c a l l y   around  the  c y l i n d r i c a l   cathode  10,  the   s e a l e d   e n c l o s u r e   3 

is  evacua ted   to  a  p r e s s u r e   of  about  1 .10-5  mbar  ( v i a  t h e   valve  5 ) ,  
s i m u l t a n e o u s l y   with  the  chamber  20  (via  the  va lve   35).  The  e v a c u a -  

t i ng   o p e r a t i o n   once  t e r m i n a t e d ,   the  valve  35  is  c lo sed ,   and  an  a t -  

mosphere  of  helium  up  to  a  p r e s s u r e   of  the  o rder   of  10  mbar  is  i n -  



t r o d u c e d  i n s i d e   the  chamber  20  (via  the  gauged  valve  36),  while   a n  

a tmosphere   of  argon  up  to  a  p r e s s u r e   of  the  order  of  2 .10-2  mbar  i s  

s i m u l t a n e o u s l y   p rov ided   i n s ide   the .   main  e n c l o s u r e   3  (via  the  v a l v e  

7 ) .  

The  so f t   iron  tube  59  is  then  submi t ted   to  a  short   c l ean ing   p r i o r  

to   i t s   c o a t i n g ,   by  b i a s i n g   the  i ron  tube  59  to  a  value  of  the  o r d e r  

of  -500  to  -1000  v o l t s   while  the  magnetron  cathode  10  is  g rounded  

(the  glow  d i s c h a r g e   thus  appear ing   between  the  tube  and  the  m a g n e -  

t ron   ca thode  being  ma in ta ined   dur ing  about  5  min . ,   so  as  to  c a u s e  

a  s p u t t e r i n g   of  the  i n t e r n a l   s u r f a c e   of  sa id   tube  which  is  s u f f i c i e n t  

for  p r o p e r l y   c l ean ing   i t ) .  

The  above  c l ean ing   once  t e r m i n a t e d   (by  swi tch ing   off  the  above  

b i a s i n g ) ,   the  p r e s s u r e   of  argon  i n s i d e   the  main  enc losu re   3  is  d e -  

c reased   up  to  a  value  of  the  order   of  4 .10-3   mbar,  in  view  of  o p e -  
r a t i n g   the  coa t ing   proper   of  the  tube  59.  For  t ha t   purpose ,   the  t u b e  

59  is  grounded,   while   the  magnetron  cathode  10  is  connected  via  t h e  

switch  60  (as  shown  on  the  drawing)  to  the  n e g a t i v e   pole  of  a  DC  pow-  

er  supply  62  d e l i v e r i n g   up  to  12  Amps  at  about  500  Volts   (the  pow- 

er  supply  62  being  bes ides   p r o t e c t e d   a g a i n s t   a rc ing   by  a  cu r ren t   l i -  

m i t e r ) .   The  d e p o s i t i o n   ra te   onto  the  i n t e r n a l   sur face   of  the  t u b e  

is  about  6  um  per  kWh  consumed,  while   the  co r r e spond ing   t a r g e t   e r o -  

s ion  ra te   is  about  12  um  per  kWh  consumed.  Using  a  power  of  6kW,  t h e  

d e s i r e d   coa t ing   of  about   10  um  t h i ck   onto  the  i n t e r n a l   su r face   o f  

the  tube  is  t h e r e f o r e   depos i t ed   in  about  17  min.  Under  the  above  c o n -  

d i t i o n s ,   the  maximum  t e m p e r a t u r e   reached  by  the  t a r g e t   is  of  a b o u t  

500°C  in  the  s p u t t e r i n g   zone,  whi le   not  exceeding   200°C  at  both  e n d s  

( i . e .   in  the  v i c i n i t y   of  the  0 - r i n g s   21  and  2 8 ) .  

The  F i g s .  5   and  6  i l l u s t r a t e   one  v a r i a t i o n   of  the  magnetron  o f  

the  f i r s t   embodiment  of  F igs .   1  to  4  (the  unchanged  elements  k e e p -  

ing  the  same  f i g u r e s   of  r e f e r e n c e   on  the  d rawing) ,   designed  for  g e -  

n e r a t i n g   two  c l o s e d - l o o p   magnet ic   arches  d i a m e t r i c a l l y   opposed  o v e r  

the  s p u t t e r i n g   face  of  the  t u b u l a r   t a r g e t ,   i n s t e a d   of  a  s ing le   c l o -  

s ed - loop   magnet ic   arch  meandering  over  the  e n t i r e   c i r cumfe rence   o f  

t h i s   s p u t t e r i n g   face  as  p r e v i o u s l y   (the  i n t e r m e d i a t e   t ubu la r   s h e a t h  

15  being  f u r the rmore   suppressed   in  th i s   v a r i a t i o n ,   so  as  to  e n a b l e  

the  l i q u i d   coolant   to  be  c i r c u l a t e d   d i r e c t l y   along  the  back  face  o f  



the  t u b u l a r   t a r g e t   20).  The  magnetron  65  r e p r e s e n t e d   on  these  f i g u -  

res  5  and  6  c o n s i s t s   of  a  p l u r a l i t y   of  e q u i a n g u l a r l y   spaced  a x i a l -  

ly  ex tend ing   r a d i a l l y   magnet ized  magnets  66  and  67,  which  are  a r r a n -  

ged  a g a i n s t   the  four  l o n g i t u d i n a l   faces  of  the  c e n t r a l   rod  44  in  t h e  

f o l l o w i n g   manner  (Fig.  5 ) :  

-  p a r a l l e l e p i p e d i c   magnets  661  and  663,  coupled  by  t he i r   s o u t h  

p o l e   faces   aga in s t   the  r e s p e c t i v e   oppos i t e   faces  441  and  443  of  t h e  
c e n t r a l   rod  44  so  as  to  have  t h e i r   nor th   pole  faces  po in t i ng   in  t h e  

v i c i n i t y   of  the  inner  wall  of  the  t u b u l a r   t a r g e t   20,  sa id   p a r a l l e -  

l e p i p e d i c   magnets  661  and  663  ex tend ing   along  the  c e n t r a l   rod  44  f r o m  

i t s   upper  to  i t s   lower  end  p o r t i o n ,  

-  p a r a l l e l e p i p e d i c   magnets  662  and  664,  coupled  by  the i r   n o r t h  

pole   faces   a g a i n s t   the  r e s p e c t i v e   oppos i t e   faces  442  and  444  of  t h e  

c e n t r a l   rod  44  so  as  to  have  t h e i r   south  pole  faces  po in t ing   in  t h e  

v i c i n i t y   of  the  inner  wall  of  the  t ubu l a r   t a r g e t   20,  said  p a r a l l e -  

l e p i p e d i c   magnets  662  and  664  ex tend ing   along  the  c e n t r a l   rod  44  f r a n  

a  f i r s t   i n t e r m e d i a t e   p o r t i o n   s i t u a t e d   immediate ly   below  i t s   u p p e r  
end  p o r t i o n   to  a  second  i n t e r m e d i a t e   p o r t i o n   s i t u a t e d   immed ia t e ly  

above  i t s   lower  end  p o r t i o n ,   a n d ,  

-  cub ic   end-magnets  672  and  674,  coupled  aga ins t   the  end  p o r t i o n s  

(upper  as  well  as  lower  p o r t i o n s )   of  the  r e s p e c t i v e   opposing  f a c e s  

442  and  444  of  the  c e n t r a l   rod  44  so  as  to  extend  in  the  p r o l o n g a -  
t i on   of  both  ends  of  the  co r r e spond ing   magnets  662  and  664 while  b e i n g  

s e p a r a t e d   from  the  l a t t e r   by  gaps  48,  s a id   cubic  end-magnets  672  and  

674  being  coupled  by  the i r   south  pole  faces  aga ins t   t h e   c o r r e s p o n d -  

ing  end  p o r t i o n s   of  said  opposing  faces  442  and  444  so  as  to  have 

t h e i r   nor th   pole  faces   p o i n t i n g   in  the  v i c i n i t y   of  the  inner  w a l l  

of  the  t u b u l a r   t a r g e t   20.  

The  above  magnetron  65  d i r e c t l y   a r ranged  aga ins t   the  back  f a c e  

of  the  t u b u l a r   t a r g e t  2 0   is  thus  designed  in  such  a  manner  as  to  g e n e -  

r a t e   f lux  l i n e s   which  form  over  the  outer  s p u t t e r i n g   face  20a  of  t h i s  

t a r g e t   20  four  e q u i a n g u l a r l y   spaced  a x i a l l y   ex tending   s t r a i g h t   a r c h  

p o r t i o n s   70  connected  by  pa i r s   to  co r r e spond ing   a rcua te   arch  e n d - p o r -  

t i o n s   71,  whereby  de f in ing   two  d i a m e t r i c a l l y   opposed  c l o s e d - l o o p  

arches   72  comple te ly   s epa ra t e   from  each  o the r ,   each  of  which  e x t e n d s  

over  one  q u a r t e r   of  the  s p u t t e r i n g   face  2 0 a .  

In  o p e r a t i o n ,   the  presence  of  the  magnetron  65  has  t h e r e f o r e  



the  consequence  of  causing  the  fo rmat ion ,   over  the  s p u t t e r i n g   f a c e  

20a  of  the  t a r g e t   20,  of  two  s e p a r a t e   c l o s e d - l o o p   plasmas  c o n f i n e d  

w i t h i n   the  two  c l o s e d - l o o p   arches  .72,  whereby  l ead ing   to  an  i n t e n -  

se  s p u t t e r i n g   of  the  t a r g e t   20  ( t a r g e t   s p u t t e r i n g   l i k e l y   to  be  u n i f o r -  

mized  by  a x i a l l y   r o t a t i n g   the  magnetron  65  r e l a t i v e l y   to  the  t a r g e t  

20,  e i t h e r   accord ing   to  a  t o - a n d - f r o   moving  of  about  +  45°  a m p l i t i t u d e  

or  accord ing   to  a  u n i d i r e c t i o n a l .   moving).   T h r o u g h o u t .  s a i d   s p u t t e r -  

ing,   t h e   t a r g e t   cool ing   is  p r o p e r l y   ensured  as  p r e v i o u s l y ,   t h a n k s  

to  the  f r ee   c i r c u l a t i o n   of  the  l i q u i d   coo l an t   along  the  l o n g i t u d i -  

nal  spaces   49  d e l i m i t a t e d   between  ad jacen t   magnets  of  the  m a g n e t r o n  

65.  T h e  u n i f o r m i t y   of  t a r g e t   e ros ion   cannot  however  be  g u a r a n t e e d  

in  a l l   s a f e t y   as  p r e v i o u s l y ,   t ak ing   into  account  the  r i sk   of  d e s t a -  

b i l i z a t i o n   of  the  s e p a r a t e   plasmas  in  case  of  the  occur rence   of  a  

p o s s i b l e   d i s s y r n e t r y .  

The  diagram  of  Fig.   7  enab les   to  b e t t e r   unders tand   the  q u e s t i o n  

of  plasma  s t a b i l i t y   in  the  r e s p e c t i v e   cases  of  a  s i n g l e   m e a n d e r i n g  

plasma  or  a  p l u r a l i t y   of  s e p a r a t e   plasmas.   T h i s  d i a g r a m   as  a  m a t t e r  

of  f a c t   i l l u s t r a t e s   a  t y p i c a l   v o l t a g e - c u r r e n t   c h a r a c t e r i s t i c   r e l a -  

ted  to  magnetron  s p u t t e r i n g   appa ra tu s   (curve  A  in  con t inuous   l i n e )  

which  is  known  for  f l a t t e n i n g   at  high  c u r r e n t s   (mainly  for  low  g a s  

p r e s s u r e s   for  which  the  e f f i c i e n c y   is  the.  b e s t ) ,   which  in  other  t e r m s  

means  t h a t   the  plasma  impedance  dec reases   with  i n c r e a s i n g   c u r r e n t  

(cf.  curve  B  in  do t ted   l i n e s ) .   The  g e n e r a t i o n   of  a  p l u r a l i t y   of  s e p a -  
ra te   plasmas  behaving  as  e l e c t r i c a l   e lements   put  in  p a r a l l e l   t h e r e -  

fore   c o n s t i t u t e s   a  design  very  uns t ab l e   by  na tu re ,   s ince   any  c u r r e n t  

d e s e q u i l i b r i u m   l i k e l y   to  a r i s e   between  s e p a r a t e   plasmas  because  o f  

the  occur rence   of  an  even tua l   d i s symet ry   can  only  worsen  with  t i m e  

because  of  the  plasma  impedance  d e c r e a s e   with  c u r r e n t   i n c r e a s e .   Such  

a  d e s e q u i l i b r i u m   on  the  other  hand  cannot  develop  in  the  case  of  a  

s i n g l e   meandering  plasma  (whatever  the  complexi ty   of  i t s   pa th ) ,   s i n -  

ce  the  d i f f e r e n t   branches  of  such  a  s ing le   meandering  plasma,  by  b e -  

having  as  e l e c t r i c a l   elements  put  in  s e r i e s   can  only  c o n t r i b u t e   t o  

produce  a  r e l a t i v e l y   uniform  plasma  cu r ren t   ( trapped  e l e c t r o n s   mean-  

der ing  along  the  whole  path  of  sa id   s i ng l e   p lasma) ,   whereby  e n s u r i n g  

an  e x c e l l e n t   s t a b i l i t y   of  such  a  s i n g l e   meandering  p l a s m a .  

The  Figs .   8  to  10  r e l a t e   to  a  second  embodiment  of  the  a p p a r a t u s  

of  the  p resen t   i n v e n t i o n ,   accord ing   to  which  there  is  made  use  o f  



a  hollow  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  d i sposed   c o n c e n -  

t r i c a l l y   around  the  axis   of  the  a p p a r a t u s ,   so  as  to   enable   the  e x -  

t e r n a l   coa t i ng   of  s u b s t r a t e s   c e n t r a l l y   e x t e n d i n g   along  said  axis   ( t h e  

e lements   of  s a id   embodiment  of  F igs .   8  to  10  which  are  unchanged  w i t h  

r e s p e c t   to  those   of  F igs .   1  to  4  r emain ing   a l l o c a t e d   with  t h e  s a m e  

f i g u r e s   of  r e f e r e n c e   on  the  d r a w i n g ) .  

This  embodiment  of  F igs .   8  to  10  compr i ses   (Fig.  8)  a  h o l l o w  

c y l i n d r i c a l   magne t ron   s p u t t e r i n g   ca thode  80  r e s t i n g   (via  an  i n s u l a -  

t ing   r ing  81)  on  a  b a s e p l a t e   2,  so  as  to  form,  i n   c o o p e r a t i o n   w i t h  

a  plane  cover  82  c l o s i n g   (via  an  i n s u l a t i n g   r ing   83)  the  open  t o p  

of  sa id   hollow  c y l i n d r i c a l   cathode  80,  a  s ea l ed   enc losu re   3  ( s a i d  

e n c l o s u r e   3  f u r t h e r   compr is ing   an  e v a c u a t i o n   po r t   4  and  an  a d m i s s i o n  

por t   6  p rov ided   in  the  b a s e p l a t e   2 ) .  

The  hollow  c y l i n d r i c a l   cathode  80  more  s p e c i f i c a l l y   c o m p r i s e s  

two  c o n c e n t r i c   t u b u l a r   wa l l s   84  and  85,  connec ted   at   both  ends  b y  

end -wa l l s   86  so  as  to  d e l i m i t a t e   in  combina t ion   an  annular   t i g h t   cham-  

ber  87.  Aga ins t   the  e x t e r n a l   face  of  the  inner   wa l l   85  is  m o u n t e d  

a  t u b u l a r   t a r g e t   90 made  of  m a t e r i a l   to  be  s p u t t e r e d .   I n s i d e   the  a n n u -  

la r   t i g h t   chamber  87  is  bes ides   r o t a t i v e l y   mounted  a  t u b u l a r   s u p p o r t  

94  made  of  s o f t   i ron   (dimensionned  so  as  to  c l o s e l y   extend  a g a i n s t  

the  i n t e r n a l   face   of  the  outer   wal l   84),  which  r e s t s   a g a i n s t   the   b o t -  

tan  of  the  chamber  87  by  means  of  an  annu la r   b a l l - b e a r i n g   91 .  

Aga ins t   the   inner   face  of  the  t u b u l a r   s u p p o r t   94  is  mounted  a  

magnet  assembly  95,  which  c o n s i s t s   of  a  p l u r a l i t y   of  a x i a l l y   e x t e n d -  

ing  r a d i a l l y   magne t i zed   magnets  961  to  968  and  971  to  978,  e q u i a n g u -  

l a r l y   spaced  a g a i n s t   the  suppor t   94  in  the  f o l l o w i n g   manner  ( F i g s .  

9  and  1 0 ) :  

-  p a r a l l e l e p i p e d i c   magnets  961'  963,  965  and  967,  e q u i a n g u l a r l y  

spaced  by  90°  from  one  another   around  the  t u b u l a r   suppor t   94,  a n d  

coupled  by  t h e i r   south  pole  faces  a g a i n s t   sa id   suppor t   94  so  as  t o  

have  t h e i r   nor th   pole   faces  p o i n t i n g   in  the  v i c i n i t y   of  the  i n t e r -  

nal  face  of  the  t u b u l a r   wall  85,  sa id   p a r a l l e l e p i p e d i c   magnets  e x -  

tending  along  the  suppor t   94  from  i t s   upper  end  p o r t i o n   to  an  i n t e r -  

mediate   p o r t i o n   s i t u a t e d   immediately  upward  i t s   lower  end  p o r t i o n ,  

-  p a r a l l e l e p i p e d i c   magnets  962,  964,  966  and  968,  e q u i a n g u l a r l y  

spaced  by  90°  from  one  another   around  the  t u b u l a r   suppor t   94  ( w h i l e  

being  e q u i a n g u l a r l y   spaced  by  45°  from  the  c o r r e s p o n d i n g   magnets  9 6 1 ,  



96g,  965  and  967),   and  coupled  by  t he i r   north  pole   faces  aga in s t   s a i d  

suppo r t   94  so  as  to  have  t h e i r   south  pole  faces   p o i n t i n g   i n  t h e   v i -  

c i n i t y   of  the  i n t e r n a l   face  of  the  t ubu la r   wal l   85,  sa id   p a r a l l e l i -  

pedic   magnets  ex tend ing   along  the  suppor t   94  from  i t s   lower  end  

p o r t i o n   to  an  i n t e r m e d i a t e   p o r t i o n   s i t u a t e d   immediate ly   below  i t s  

upper  end  p o r t i o n ,  

-  cubic   end-magnets   971,  973t  975  and  977  coup led   a g a i n s t   lower  

end  p o r t i o n s   of  the  t u b u l a r   suppor t   94,  so  as  to  extend  in  the  p r o -  

l o n g a t i o n   of  the  c o r r e s p o n d i n g   p a r a l l e l e p i p e d i c   magnets  961,  963,  

965  and  967  whi le   being  s e p a r a t e d   from  the  l a t t e r   by  gaps  48,  s a i d  

cubic   end-magnets   being  c o u p l e d   by  t h e i r   nor th   pole  faces   a g a i n s t  

the  t u b u l a r   suppor t   94  so  as  to  have  t h e i r   south  pole  faces  p o i n t -  

ing  in  the  v i c i n i t y   of  the  i n t e r n a l   face  of  the  t u b u l a r   wal l   85,  a n d ,  

-  cubic   end-magnets  972,  974'  976  and  978  coupled   a g a i n s t   upper  
end  p o r t i o n s   of  the  t u b u l a r   suppor t   94,  so  as  to  extend  in  the  p r o -  
l o n g a t i o n   of  the  c o r r e s p o n d i n g   p a r a l l e l e p i p e d i c   magnets  962,  964 ,  

966  and  968,  s a id   cubic  end-magnets   being  coupled  by  t he i r   south  p o l e  

faces   a g a i n s t   the  suppor t   94  so  as  to  have  t h e i r   north  pole  f a c e s  

p o i n t i n g   in  the  v i c i n i t y   of  the  i n t e r n a l   face  of  the  t ubu la r   w a l l  

8 5 .  

The  a b o v e - d e s c r i b e d   magnet  assembly  95  mounted   ins ide   the  t i g h t  

chamber  87  is  t h e r e f o r e   a r ranged   in  such  a  manner  as  to  gene ra t e   f l u x  

l i n e s   which  form  ove r   the  inner  s p u t t e r i n g   face  90a  of  the  t u b u l a r  

t a r g e t   90  e i g h t   e q u i a n g u l a r l y   spaced  a x i a l l y   ex t end ing   s t r a i g h t   a r c h  

p o r t i o n s   100  ( schemat ized   in  dot ted   l ines   on  the  Fig.   10)  a l t e r n a -  

t i v e l y   connected   to  one  another   by  e igh t   a r c u a t e   arch  e n d - p o r t i o n s  

101,  whereby  d e f i n i n g   a  s i n g l e   c l o s e d - l o o p   arch  102  ex tend ing   in  a  

meandering  manner  over  the  e n t i r e   c i r c u m f e r e n c e   of  the  s p u t t e r i n g  

face  90a .  

The  upper  edge  of  the  t ubu la r   support   94  is  bes ides   p r o v i d e d  

with  an  annular   toothed  rack  103  coope ra t ing   with  a  p in ion   104  a d e -  

q u a t e l y   connected   to  the  sha f t   of  an  e x t e r n a l   motor  105,  which  mo- 

tor  105  is  des igned  for  s lowly  r o t a t i n g   the  magnet  assembly  95  a c -  

cord ing   to  a  t o - a n d - f r o   o s c i l l a t o r y   movement,  of  an  ampli tude  s u f -  

f i c i e n t   ( a b o u t  +   25°)  for  enabl ing   the  s i ng l e   c l o s e d - l o o p   arch  102 

gene ra t ed   by  said  magnet  assembly  95  to  be  p e r i o d i c a l l y   scanned  o -  

ver  the  e n t i r e   su r f ace   of  the  s p u t t e r i n g   face  9 0 a .  



The  t i g h t   chamber  87  c o n t a i n i n g   the  magnet  assembly  95  is  f u r -  

thermore  p rov ided   with  a  p l u r a l i t y   of  admiss ion   c o n d u i t s   106  a d e q u a -  

t e l y   e x t e n d i n g   through  the  i n s u l a t i n g   r ing  81  and  the  b a s e p l a t e   2 

(while  being  e l e c t r i c a l l y   i n s u l a t e d   from  t h i s   b a s e p l a t e   2)  as  w e l l  

as  with  a  p l u r a l i t y   of  e v a c u a t i o n   condu i t s   107  a d e q u a t e l y   e x t e n d i n g  

through  the  i n s u l a t i n g   r ing  83  and  the  cover  82  (while  being  e l e c -  

t r i c a l l y   i n s u l a t e d   from  t h i s   cover  82),  so  tha t   a  l i q u i d   coo lan t   s u c h  

as  cold  water  can  be  c o n t i n u o u s l y   i n t r o d u c e d   th rough   the  a d m i s s i o n  

c o n d u i t s   106  for  being  f r e e l y   c i r c u l a t e d   along  the  l o n g i t u d i n a l   s p a -  

ces  49,  d e l i m i t a t e d   between  a d j a c e n t   magnets  of  the  magnet  a s s e m b l y  

95,  before   being  evacua ted   through  the  e v a c u a t i o n   condu i t s   107 .  

I n s i d e   the  s ea l ed   e n c l o s u r e   3  is  f i n a l l y   d i sposed   a  c y l i n d r i -  

cal   s u b s t r a t e   109  to  be  e x t e r n a l l y   coa ted ,   which  c e n t r a l l y   e x t e n d s  

along  the  ax i s   of  the  e n c l o s u r e   3.  This  s u b s t r a t e   109  is  mounted  b y  

i t s   upper  end  a g a i n s t   a  d i s c o i d a l   member  110,  w h i c h  c l o s e s   (via  a n  

i n s u l a t i n g   r ing   111)  a  c e n t r a l   opening  112  p r o v i d e d   in  the  p lane  c o -  

ver  82.  In  the  i n t e r s p a c e   between  the  c e n t r a l   c y l i n d r i c a l   s u b s t r a t e  

109  and  the  t u b u l a r   s p u t t e r i n g   t a r g e t   90  is  f u r t h e r m o r e   d i sposed   a  

p l u r a l i t y   of  e q u i a n g u l a r l y   .spaced  metal   rods  113,  which  are  c o n n e c t -  

ed  by  t h e i r   upper  ends  a g a i n s t   the  i n t e r n a l   face   of  the  p lane   c o v e r  

82.  The  b a s e p l a t e   2  and  the  cover  82  are  connected   to  ground,   w h i -  

le  the  hol low  cathode  90  is  connec ted   via  a  swi tch   60  to  the  n e g a t i -  

ve  pole  of  a  high  vo l t age   source  62  whose  other   pole   is  a lso  g r o u n d -  

ed  (the  rods  113  e l e c t r i c a l l y   connected   to  the  cover  82  being  i n t e n d -  

ed  to  p lay   the  ro le   of  anodes,  whi le   the  s u b s t r a t e   109  e l e c t r i c a l -  

ly  i s o l a t e d   from  t h i s   cover  82  may  have  a  " f l o a t i n g "   p o t e n t i a l ) .  

The  o p e r a t i o n   of  the  a b o v e - d e s c r i b e d   a p p a r a t u s   is  in  many  r e s -  

pec t s   s i m i l a r   to  tha t   p r e v i o u s l y   d e s c r i b e d :  

The  s e a l e d   enc lo su re   3  being  provided  with  an  a tmosphere  of  a r g o n  
of  the  order   of  lo-4  to  10-2  t o r r ,   the  l i q u i d   c o o l a n t   is  then  c i r -  

c u l a t e d   i n s i d e   the  t i g h t   chamber  87,  while   a  n e g a t i v e   high  v o l t a g e  
is  app l i ed   to  the  hollow  cathode  90  (by  c lo s ing   the  switch  60).  The 

a p p l i c a t i o n   of  t h i s   n e g a t i v e   high  vo l t age   leads   to  the  fo rma t ion   o f  

a  s i n g l e   c l o s e d - l o o p   i n t e n s e   plasma  conf ined  w i t h i n   the  s i n g l e   mean-  

der ing  magne t i c   arch  102,  whereby  causing  an  i n t e n s e   s p u t t e r i n g   o f  

the  t a r g e t   90,  and  t h e r e f o r e   a  h i g h - r a t e   coa t ing   of  the  c e n t r a l   s u b s -  

t r a t e   109.  Such  a  coa t ing   is  proved  to  be  c a r r i e d   out  with  an  e x c e l -  



l e n t   u n i f o r m i t y ,   thanks  to  the  p e r i o d i c a l   s cann ing   of  the  s i n g l e   m e a n -  

de r ing   plasma  over  the  e n t i r e   sur face   of  the  s p u t t e r i n g   t a r g e t   9 0 ,  

combined  with  an  e x c e l l e n t   s t a b i l i t y   of  t h i s   s i n g l e   meandering  p l a s -  

ma.  The  proper  coo l ing   of  the  t a r g e t   is  b e s i d e s   ensured  t h r o u g h o u t  

sa id   c o a t i n g   thanks  to  the  f ree   c i r c u l a t i o n   of  the  l i q u i d   c o o l a n t  

along  the  l o n g i t u d i n a l   spaces  49  d e l i m i t a t e d   between  ad jacen t   m a g n e t s  

of  the  magnet  assembly  95  (which  l o n g i t u d i n a l   spaces   49  extend  i n  

f r o n t   of  the  p o r t i o n s   of  the  t a r g e t   90  where  the  s p u t t e r i n g ,   and  t h u s  

the  hea t i ng   up,  is  the  m o r e  i n t e n s e ) .  

According  to  one  v a r i a t i o n   of  the  embodiment  of  F igs .   8  to  10 

the  motor  105  for  moving  the  magnet  assembly  95  may  be  designed  f o r  

r o t a t i n g   t h i s   assembly  95  accord ing   to  a  u n i d i r e c t i o n a l   r o t a t o r y   move- 

ment  i n s t e a d   of  the  t o - a n d - f r o   r o t a t o r y   movement  p r e v i o u s l y   d e s c r i -  

bed,  so  as  to  cause  f u l l   r e v o l u t i o n s   of  t h i s   magnet  assembly  95  w i t h  

r e s p e c t   to  the  t u b u l a r   t a r g e t   90  and  the  c e n t r a l   s u b s t r a t e   109,  w h e r e -  

by  r e s u l t i n g   in  e f f e c t s   s i m i l a r   to  that   p r e v i o u s l y   de sc r i bed   as  r e -  

gards  the  good  u n i f o r m i t y   of  t a r g e t   s p u t t e r i n g   and  s u b s t r a t e   c o a t -  

ing  (which  good  u n i f o r m i t y   of  s u b s t r a t e   c o a t i n g   may  be  s t i l l   i m p r o -  

ved  by  f u r t h e r   env i sag ing   of  equa l ly   r o t a t i n g   sa id   c e n t r a l   s u b s t r a t e  

1 0 9 ) .  

The  Fig.   11  f i n a l l y   i l l u s t r a t e s   one  v a r i a t i o n   of  the  magnet  a s s e m -  

bly  used  in  the  embodiment  of  F igs .   8  to  10,  which  is  des igned  f o r  

g e n e r a t i n g   f lux  l i n e s   forming  over   the  s p u t t e r i n g   face  of  the  t u b u -  

l a r   t a r g e t   four  c l o s e d - l o o p   magnet ic   arches   122  e q u i a n g u l a r l y   s p a -  

ced  by  90°  from  one  ano ther ,   i n s t ead   of  a  s i n g l e   c l o s e d - l o o p   a r c h  

102  as  p r e v i o u s l y .  

Al though  the  p r e s e n t   i nven t ion   has  been  s p e c i f i c a l l y   d i s c l o s e d  

with  p r e f e r r e d   embodiments  and  drawings ,   v a r i a t i o n s   of  the  c o n c e p t s  

h e r e i n   d i s c l o s e d   may  be  r e s o r t e d   to  by  those  s k i l l e d   in  the  art   and 

such  v a r i a t i o n s   are  cons ide red   to  be  wi th in   the  scope  of  the  i n v e n t -  

ion  and  appended  c l a i m s .  



1.  A  c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode   c o m p r i s i n g :  

-  a  t u b u l a r   t a r g e t   having  a  face  of  m a t e r i a l   to  be  s p u t t e r e d ,  

-  a  magnet  assembly  d i sposed   behind  the  back  face  of  s a id   t u b u -  

la r   t a r g e t   opposed  to  said  s p u t t e r i n g   face  for  g e n e r a t i n g   m a g n e t i c  

f i e l d s   having  f lux   l i n e s   which  p r o j e c t   in  a  curve  from  s a id   s p u t t e r -  

ing  face  and  r e t u r n   t h e r e t o   to  form  arch  p o r t i o n s   t h e r e o v e r ,   s a i d  

magnet  assembly  c o n s i s t i n g   of  a  p l u r a l i t y   of  e q u i a n g u l a r l y   s p a c e d  

a x i a l l y   e x t e n d i n g   r a d i a l l y   magne t i zed   magnets  a r ranged   in  such  a  man-  

ner  as  t h e i r   f lux   l i n e s   form  over  sa id   s p u t t e r i n g   face  a  p l u r a l i t y  

of  e q u i a n g u l a r l y   spaced  a x i a l l y   ex tend ing   s t r a i g h t   arch  p o r t i o n s   o o n -  

nec ted   to  each  o ther   by  a r cua te   arch  e n d - p o r t i o n s ,   whereby  d e f i n i n g  

at  l e a s t   one  c l o s e d - l o o p   arch  over  s a id   s p u t t e r i n g   f a c e ,  

-  c l o s u r e   means  for  d e l i m i t a t i n g   in  combina t ion   with  the  back  f a c e  

of  sa id   t u b u l a r   t a r g e t   a  c y l i n d r i c a l   t i g h t   chamber  e n c l o s i n g   at  l e a s t  

p a r t i a l l y   s a id   magnet  assembly,   a n d ,  

-  means  for  a x i a l l y   c i r c u l a t i n g   a  l i q u i d   c o o l a n t   w i t h i n   sa id   t i g h t  

chamber,  whereby  sa id   l i q u i d   c o o l a n t   can  f r e e l y   flow  f r an   one  to  t h e  

o the r   end  of  said  chamber,  along  the  l o n g i t u d i n a l   spaces   d e l i m i t a -  

ted  between  a d j a c e n t   magnets  of  s a id   p l u r a l i t y   of  e q u i a n g u l a r l y   s p a -  

ced  a x i a l l y   ex tend ing   m a g n e t s .  

2.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode   of  Claim  1,  w h e r e -  

in  s a id   p l u r a l i t y   of  magnets  is  a r ranged   at  both   ends  so  as  to  f o r m  

a r c u a t e   arch  e n d - p o r t i o n s   connected   in  an  a l t e r n a t e   manner  to  s a i d  

s t r a i g h t   arch  p o r t i o n s ,   whereby  d e f i n i n g   a  s i n g l e   c l o s e d - l o o p   a r c h  

ex tend ing   in  a  meandering  manner  over  the  e n t i r e   c i r c u m f e r e n c e   o f  

sa id   s p u t t e r i n g   t a r g e t .  

3.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode  of  Claim  1,  w h e r e -  

in  sa id   p l u r a l i t y   of  magnets  is  a r ranged  at  both  ends  so  as  to  f o r m  

a r c u a t e   arch  e n d - p o r t i o n s   connected  by  pa i rs   to  c o r r e s p o n d i n g   s t r a i g h t  

arch  p o r t i o n s ,   whereby  d e f i n i n g   a  p l u r a l i t y   of  c l o s e d - l o o p   a r c h e s  

e q u i a n g u l a r l y   spaced  over  the  e n t i r e   c i r c u m f e r e n c e   of  s a id   s p u t t e r -  

ing  t a r g e t .  

4.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode  of  Claim  1,  f u r -  

ther   compr i s ing   means  for  a x i a l l y   r o t a t i n g   s a i d   magnet  assembly  a n d  



sa id   t u b u l a r   t a r g e t   r e l a t i v e l y   to  each  o t h e r ,   so  as  to  cause  a  s u b s -  

t a n t i a l l y   uniform  t a r g e t   s p u t t e r i n g .  

5.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  of  Claim  4,  w h e r e -  

in  sa id   r o t a t i n g   means  are  des igned  for  moving  sa id   magnet  a s s e m b l y  

and  said  t u b u l a r   t a r g e t   r e l a t i v e l y   to  each  other   accord ing   to  a  

t o - a n d - f r o   r o t a t o r y .   movement  of  an  ampl i tude .   s u f f i c i e n t   for  c a u s i n g  

s a i d   at  l e a s t   one  c l o s e d - l o o p   arch  genera ted   by   said  magnet  a s sem-  

bly  to  be  scanned  over  the  e n t i r e   s u r f a c e   of  said  s p u t t e r i n g   f a c e .  

6.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  o f  Cla im  4,  w h e r e -  

in  said  r o t a t i n g   means  are  des igned  for  moving  sa id   magnet  a s s e m b l y  

and  said  t u b u l a r   t a r g e t   r e l a t i v e l y   to  each  other   according   to  a  u n i -  

d i r e c t i o n a l   r o t a t o r y   movement .  

7.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  of  Claim  1,  w h e r e -  

in  sa id   s p u t t e r i n g   face  of  sa id   t u b u l a r   t a r g e t   is  c o n s t i t u t e d   by  i t s  

ou te r   face ,   s a id   magnet  assembly  being  t h e r e f o r e   i n s e r t e d   i n s ide   s a i d  

t u b u l a r   t a r g e t .  

8.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  of  Claim  1,  w h e r e -  

in  sa id   s p u t t e r i n g   face  of  said  t u b u l a r   t a r g e t   is  c o n s t i t u t e d   by  i t s  

inner  face ,   s a id   magnet  assembly  being  t h e r e f o r e   c i r c u m f e r e n t i a l l y  

d i sposed   around  the  outer   face  of  sa id   t u b u l a r   t a r g e t .  

9.  T h e  c y l i n d r i c a l   m a g n e t r o n  s p u t t e r i n g   cathode  of  Claim  1,  w h e r e -  

in  sa id   p l u r a l i t y   of  magnets  comprises   a  f i r s t   group  of  e q u i a n g u l a r -  

ly  spaced  a x i a l l y   ex tend ing   main  magnets,   in  even  numbers  and  w i t h  

a l t e r n a t e   p o l a r i t y ,   for  g e n e r a t i n g   sa id   e q u i a n g u l a r l y   spaced  a x i a l -  

ly   ex tend ing   s t r a i g h t   arch  p o r t i o n s ,   s a id   f i r s t   group  being  comple -  

ted  by  a  second  group  of  end-magnets  adequa t e ly   ar ranged  in  the  p r o -  

l o n g a t i o n   of  both  ends  of  the  main  magnets  of  sa id   f i r s t   group,  f o r  

g e n e r a t i n g   sa id   a r cua te   arch  e n d - p o r t i o n s   connec t ing   sa id   s t r a i g h t  

arch  p o r t i o n s .  

10.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  of  Claim  1 ,  

f u r t h e r   compr i s ing   a  t u b u l a r   i n t e r m e d i a t e   suppor t   i n s e r t e d   be tween  

sa id   t u b u l a r   t a r g e t   and  said  magnet  assembly,   s a id   t u b u l a r   i n t e r m e -  

d i a t e   suppor t   t h e r e f o r e   forming  pa r t   of  the  wall   of  sa id   t i g h t   cham- 

ber  for  e n c l o s i n g   said  magnet  a s s e m b l y .  

11.  The  c y l i n d r i c a l   magnetron  s p u t t e r i n g   cathode  of  Claim  10 ,  

wherein   sa id   t ubu la r   t a r g e t   is  ar ranged  in  close  con t ac t   a g a i n s t   s a i d  

t u b u l a r   i n t e r m e d i a t e   s u p p o r t .  



12.  An  appara tus   for  coa t i ng   s u b s t r a t e s   by  m a g n e t i c a l l y   enhanced  

c a t h o d i c   s p u t t e r i n g ,   w h i c h   compr i ses   an  evacuab le   sea led   e n c l o s u r e ;  

means  for  evacua t ing   sa id   e n c l o s u r e ,  a n d   for  p r o v i d i n g   t h e r e i n ,  a   r a r e -  

f i ed   gas  atmosphere  at   a  p r e s s u r e   capable   of  s u s t a i n i n g   a  glow  d i s -  

charge;   one  c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode  and  one  anode  

d i s t a n t   from  each  o t h e r ,   d i s p o s e d   at  l e a s t   p a r t i a l l y   i n s ide   sa id   e n -  

c l o s u r e   or  forming  p a r t   t h e r e o f ;   and  means  for  e s t a b l i s h i n g   be tween  

sa id   s p u t t e r i n g   cathode  and  s a id   anode  a  p o t e n t i a l   d i f f e r e n c e   s u f -  

f i c i e n t   for  g e n e r a t i n g   a  glow  d i s c h a r g e   t h e r e b e t w e e n ,   w h e r e i n   s a i d  

c y l i n d r i c a l   magnetron  s p u t t e r i n g   ca thode   c o m p r i s e s :  

-  a  t u b u l a r   t a r g e t   having  a  face  of  m a t e r i a l   to  be  s p u t t e r e d ,  

-  a  magnet  assembly  d i sposed   behind  the  back  face  of  said  t u b u -  

lar   t a r g e t   opposed  to  sa id   s p u t t e r i n g   face  for  g e n e r a t i n g   m a g n e t i c  

f i e l d s   having  f lux   l i n e s   which  p r o j e c t   in  a  curve   from  sa id   s p u t t e r -  

ing  face  and  r e tu rn   t h e r e t o   to  form  arch  p o r t i o n s   t h e r e o v e r ,   s a i d  

magnet  assembly  c o n s i s t i n g   of  a  p l u r a l i t y   of  e q u i a n g u l a r l y   s p a c e d  

a x i a l l y   ex tend ing   magnets  a r ranged   in  such  a  manner  a s   t he i r   f l u x  

l i n e s   form  over  sa id   s p u t t e r i n g   face  a  p l u r a l i t y   of  e q u i a n g u l a r l y  

spaced  a x i a l l y   ex t end ing   s t r a i g h t   arch  p o r t i o n s   connected  to  e a c h  

o the r   by  a r c u a t e   arch  e n d - p o r t i o n s ,   whereby  d e f i n i n g  o v e r   sa id   s p u t -  

t e r i n g   face  at  l e a s t   one  c l o s e d - l o o p   arch  for  conf in ing   said  g low 

d i s c h a r g e   t h e r e w i t h i n ,  

-  c l o s u r e   means  for  d e l i m i t a t i n g   in  c o m b i n a t i o n   with  the  back  f a c e  

of  sa id   t u b u l a r   t a r g e t   a  c y l i n d r i c a l   t i g h t   chamber  enc los ing   at  l e a s t  

p a r t i a l l y   sa id   magnet  assembly ,   a n d ,  

-  means  for  a x i a l l y   c i r c u l a t i n g   a  l i q u i d   c o o l a n t   w i th in   sa id   t i g h t  

chamber,  whereby  sa id   l i q u i d   c o o l a n t   can  f r e e l y   flow  from  one  to  t h e  

o ther   end  of  said  chamber,  along  the  l o n g i t u d i n a l   spaces  d e l i m i t a -  

ted  between  ad jacen t   magnets  of  sa id   p l u r a l i t y   of  e q u i a n g u l a r l y   s p a -  
ced  a x i a l l y   ex tending   m a g n e t s .  

13.  The  appara tus   of  Claim  12,  wherein  sa id   c y l i n d r i c a l   magne t ron  

s p u t t e r i n g   cathode  is  des igned   for  ex tend ing   c e n t r a l l y   ins ide   s a i d  

a p p a r a t u s ,   so  as  to  enable   the  coa t ing   of  s u b s t r a t e s   d isposed  c i r -  

c u m f e r e n t i a l l y   around  s a id   ca thode ,   sa id   magnet  assembly  being  t h e r e -  

fore  i n s e r t e d   ins ide   s a id   t u b u l a r   t a r g e t .  

14.  The  appara tus   of  Claim  12,  wherein  sa id   c y l i n d r i c a l   m a g n e t r o n  

s p u t t e r i n g   cathode  is  a  hollow  c y l i n d r i c a l   ca thode   designed  for  e x t e n d -  



ing  c o n c e n t r i c a l l y   around  the  c e n t r a l   axis   of  sa id   a p p a r a t u s ,   so  a s  

to  enable  the  coa t i ng   of  s u b s t r a t e s   a r ranged   along  sa id   c e n t r a l   a x i s ,  

s a i d   magnet  assembly  being  t h e r e f o r e   d isposed  c i r c u m f e r e n t i a l l y  a -  

round  the  ou te r   face  of  sa id   t ubu l a r   t a r g e t .  

15.  The  a p p a r a t u s   of  Claim  12,  f u r t h e r   compr is ing   means  for  a x i a l -  

ly  r o t a t i n g   sa id   magnet  assembly  and  sa id   t u b u l a r   t a r g e t   r e l a t i v e -  

ly  to  each  o t h e r ,   as  well  as  for  a x i a l l y   r o t a t i n g   said  magnet  a s s e m -  

bly  and  sa id   s u b s t r a t e   to  be  coated  r e l a t i v e l y   to  each  o t h e r ,   so  a s  

to  cause  a  s u b s t a n t i a l l y   uniform  t a r g e t   s p u t t e r i n g   toge the r   with  a  

s u b s t a n t i a l l y   uniform  s u b s t r a t e   c o a t i n g .  

16.  The  appa ra tu s   o f  C l a i m   15,  where in   sa id   r o t a t i n g   means  a r e  

des igned   for  moving  sa id   magnet  assembly  r e l a t i v e l y   to  sa id   t u b u l a r  

t a r g e t   and  to  s a id   s u b s t r a t e   accord ing   to  a  t o - a n d - f r o   r o t a t o r y   move- 

ment  o f  a n   ampl i tude   s u f f i c i e n t   for   caus ing  sa id   at  l e a s t   one  c l o -  

s e d - l o o p   arch  gene ra t ed   by  said  magnet  assembly  to  be  scanned  o v e r  

the  e n t i r e   s u r f a c e  o f   sa id   s p u t t e r i n g   face   as  well   as  in  f r o n t   o f  

the  e n t i r e   su r f ace   of  the  s u b s t r a t e   to  be  c o a t e d .  

17.  The  appa ra tu s   of  Claim  15,  wherein  sa id   r o t a t i n g   means  a r e  

des igned   for  moving  sa id   magnet  assembly  r e l a t i v e l y   to  said  t u b u l a r  

t a r g e t   and  to  sa id   s u b s t r a t e   accord ing   to  a  u n i d i r e c t i o n a l   r o t a t o -  

ry  movement. 
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